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CHAPTER - I 
INTRODUCTION AND REVIEW OF LITERATURE 
PART-A 
INTRODUCTION 
Cultivation of leguminous crops is worldwide from 
ancient times because of their economic utility being next 
to cereals only (Allen and Allen,1958). In Ijidia, legumes 
are cultivated in almost all the States either alone or 
mixed with other crops. Legumes include pulse, vegetable, 
fodder and green manuring crops. Since pulses contain 
nearly three times as much proteins as in the cereals and 
because proteins from pulses are cheaper they occupy a 
significant place in the Indian diet as one of the main 
sources of protein. (Jeswani and Vanchaik,1968; Chand and 
Shrivastava,1982). A mixed diet consisting of pulses and 
cereals is almost as rich in proteins as obtained from the 
animal products (Panikkar,1968). Moreover, a significantly 
large pupulation of India being vegetarian, pulses play a 
key role in the daily diet of Indian people. They constitute 
a rich source of fodder for cattle also (Kaul and Sekhon, 
1974), and are generally used for green manuring. 
Pulse crops also play a significant role in main-
taining soil fertility as they have a unique mechanism for 
using the inert Nitrogen gas directly from the soil atmos-
phere (Chowdhury,1968). It is estimated that about 14 to 53 
2 
meteric tons of Nitrogen is fixed annually by;the symbiotic 
association between nitrogen fixing bacteria and the legumes 
(Quispel,1974). The forage legumes fix approximately 125-
300 kg nitrogen/hectare/year and pulse legumes fix about 
50 to 60 kg hitrogen/hectare/year (Mishustin and Shilnikova, 
1971). 
Cowpea is one of the principal pulses in common use 
in India. Till the 19th century, it's cultivation was 
mostly confined to south-East Asia, Africa and other Asiatic 
countries. With the discovery of it's nutritive value as 
haiy, fodder, green manure, vegetable and as pulse, it's 
cultivation has now spread extensively to the temperate 
zones. Cowpea is also grown for use as a vegetable but as 
vegetable it has a very limited demand (Kachroo and Arif, 
1970; Gupta,1962). However, it is greatly preferred as a 
green manure crop since it grows quickly to form thick 
surface cover with it's heavy foliage and thus smothers very 
successfully all weeds. It also produces a large number of 
root-nodules and is easily incorporated into the soil on 
being ploughed under. As a green manure crop it is grown 
extensively in the U.S.A., Australia and other countries. 
Cowpea is generally a hardy crop which is affected 
by only a few fungal diseases(Venketaratnam,1973). In clay 
soils and when sown in ill drained conditions root-rot 
disease caused by Rhizoctonia sp, occurs resulting in the 
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sudden wilting of plants. In cold weather, mildew disease 
may also occur. EXiring the rainy season, rust disease caused 
by Uromyces phaseoli vignae spread like wild fire. 
Anthracnose disease caused by Colletotrichum lindemuthianum 
and brovm spot disease caused by Cercospora spp. have also 
been reported. 
Root-knot nematodes,Meloidogyne spp. (Godfrey and 
Oliveira,1931,1932; Swarup,1962; Toler £t-al.,1963; Sharma, 
1963; Sethi £t a]^ .,1964; Sharma and Sethi, 1975l?,1976), cyst 
nematode, Heterodera ca.jani (Sharma and Sethi, 1976) and 
reniform nematode, Rotylenchulus reniformis .(Linford and Yap, 
I9AO; Taha and Kassab,1980) have also been reported pathogenic 
to cowpea. 
Soil is a complex ecosystem harbouring a wide variety 
of life forms such as nematodes, fungi, bacteria, viruses, 
insects and protozoa etc. besides higher plants—the primary 
producers. Under such an ecological situation it is not 
unnatural that naturally occurring microorganisms (i^e, 
primary and secondary consumers) interact with each other 
primarily because of their competition for food and survival 
Q 
providing an opportunity to show various types of inter-
actions such as (1) Neutralism in which neither population 
is affected by their association, (ii) Competition (Direct 
inhibition type) where each population adversely affects the 
other during the struggle for utilizing common resources which 
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are in short supply, (iii) Amensalism in which one popula-
tion is inhibited but the other is not affected, 
(iv) Parasitism and (v) Predation in which one population 
adversely aflects the other by direct attack, (vi) Commen-
salism in which one population is benefitted but the other 
is not affected, (vii) Proto-co-operation in which both 
populations are benefitted by their association but relation-
ship is not obligatory and (viii) Mutualism in which growth 
and survival of both populations are benefitted and under 
natural conditions, neither can survive without the other. 
All such interactions have three major components 
namely the host plant, the nematode and one or more other 
pathogenic or saprophytic organisms. These pathogenic 
interrelationships often show additive, synergistic or 
neutralistic effect on plant disease development. 
Plant parasitic nematodes, among the soil-biota, 
form a separate group constituting a significant component 
(about 12% of soil microflora and fauna) of the soil 
ecosystem. Although plant parasitic nematodes by thenfei'^ f^-
selves are capable of causing severe disease symptoms but 
in the presence of other soil micro-organisms, the damage, 
at times, becomes devastating. In fact,under field condi-
tions there is probably no soil borne plant disease which 
can be said to have monopathogenic origin. Thus most of 
the soil borne plant diseases are often the result of 
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interaction of two or more pathogens of the same or different 
groups causing complex diseases. Several such associations 
involving fungi; bacteria and nematodes have been investigated, 
During the last 2-3 decades considerable attention has been 
paid to the complex diseases caused by the interaction of 
nematodes and fungi(.Powell, 1971 a,b; Nath et al., 1984; 
Garcia and Mitchel,1975; Roncadori and Hussey,1977; Kellan 
and Schenk,1980; Kumar and Sivakumar,1981; Ribeiro and 
Ferraz,1983; Edward _et a2.,1984) but little attention has 
been paid to the study of interactions between different 
species of nematodes ( Santo and ._Lear, •1976;VYaisimav 
and Sethi,1978;KiBhra and Gaur,1981a;Kaplan and Timmer,1982; 
Griffin,1985). 
'Frequent and simultaneous occurrence of the two 
nematode species viz, Meloidogyne incognita (Kofoid and 
White,1919) Chitwood,19A9 and Rotylenchulus reniformls 
Linford and 01ive]y"a,1940 and a fungus, Rhizoctonia solani 
Kuhn was observed in several cov/pea growing areas of Aligarh 
and Banda districts of Uttar Pradesh, India. It was 
observed that there were patches in the field, where the 
cowpea plants were badly 'damaged as compared to nearby plants 
in the same field. Isolation of nematodes from the roots 
and soil and fungus from roots of such plants indicated 
heavy infestation of R.solani, M.incognita and R.reniformis. 
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However, in other neighbouring areas where these pathogens 
were present singly, the damage was comparatively lesser. 
Very few attempts have yet been made to investigate 
inter-relationships between Rhizobium spp., and nematodes 
(Malek and Jenkins,1954; Barker £t al.,1971; Taha and Kassab, 
1980; Meredith _et al. ,1983; Carappo et al. ,1984) andnrthe ^ commonly 
occurring plant pathogenic fungi (Tu,1978; Beagle-Ristaino 
and Rissler,1982;Sawada,1983; Zambolim and Schenk,1984). 
Keeping in view the importance of the crop and the 
association of nematodes and the fungus observed in the field, 
it was considered desirable to study whether this aggravated 
damage was casual or due to the result of interaction between 
nematode-nematode and/or nematode-fungus on cowpea. With this 
aim in view the follov/ing aspects have been studied: 
1. Identification of races of Rotylenchulus reniformls and 
Meloidogyne incognita of the test populations. 
2. Effect of different ino<Julum levels each of R.reniformls. 
M.incognita and R.solani on plant growth and nematode 
multiplication, 
3. Effect of interactions of different inoculum levels of 
R.reniformls, M.incognita and R.solani on plant growth 
and nematode multiplication. 
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A, Effect of individual, concomitant and sequential 
inoculations of Rhizobium, R.reniformls, M.incognita 
and R.solani on plant growth and nematode multiplication, 
5. Effect of individual and concomitant inoculations of 
test pathogens on the penetration of reniform and root-
knot nematodes, 
6. Response of twenty cowpea varieties against R.reniformls, 
7. Response of twenty cowpea varieties against M.incognita, 
8. Response of twenty cowpea varieties against R,solanl, 
9. Effect of concomitance of pathogens on the resistant/ 
moderately resistant response of cowpea varieties, 
10, Efficacy of different inoculum levels of Paecilomyces 
lilacinus for the biological control of R,renlformls, 
M.incognita and R.solani on cowpea, 
11, Efficacy of P.lilacinus in the biological control of a 
disease complex involving any two or all the three test 
pathogens, 
Q 
12, Efficacy of seed treatments with pesticides, oil-cakes, 
neem-leaf and culture filtrate of P,lilacinus on 
seedling emergence of cowpea inoculated with test 
pathogens singly or in combinations. 
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13. Efficacy of seed treatments with pesticides, oil-cakes, 
neem-leaf and culture filtrate of P.lilacinus against 
nematode multiplication and plant growth. 
14. Effect of individual and combined inoculations of 
R.reniformis, M.incognita, and R.solani on Nitrogen, 
Phosphorus and Potassium contents of leaf and root. 
15. Effects of individual and combined inoculations of 
R.reniformis, M.incognita, and R.solani on proline 
content of leaf and root, 
16. Effect of individual and concomitant inoculations of 
R.reniformis, M.incognita and R.solani on leghaemoglobin 
content in the root-nodules, 
17o Effect 01 individual and concomitant inoculations of 
R.reniformis, M.incognita and R.solani on water absorp-
tion capability of cowpea roots, 
18. Effect of different dilutions of culture filtrates of 
10 fungi on the mortality of R.reniformis and M.incognita 
in vitro. 
190 In vitro effect of different dilutions of culture 
filtrates of l6 fungi on the cumulative larval hatch of 
R.reniformis and M.incognita. 
20o In vitro effect of different dilutions of culture 
filtrates of -10 fungi on the growth of R.solani. 
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PART-B 
REVIEW OF LITERATURE 
Root system, irrespective of the nature of plant 
species, is constantly exposed to the abiotic and biotic 
factors including the soil inhabiting micro-organisms which 
are capable of developing various kinds of inter-
relationships among themselves as well as with higher plants. 
Such associations may be beneficial or deleterious to the 
plants. Most of the early work relates to interactions of 
nematodes with fungi, bacteria and viruses already known as 
plant pathogens. However, Melendez and Powell (1969) and 
Powell et al^ . (1971) reported that Meloidogyne spp, may 
incite damage caused by soil fungi which are normally not 
associated with plant diseases. This fact, therefore, gave 
the idea to multipathogenic concept of disease. Our 
knowledge about nematode-fungal disease interactions has 
increased greatly since the end of last century, when 
Atkinson (1892), -while working at the Agricultural' *r^ l 
Experiment Station at Auburn,Alabama, wrote about disease 
of cotton and said "Root gall is a disease of the roots 
caused by minute parasitic worms. These worms live in the 
root where they cause abnormal thickenings, resulting in 
what is known as galls. I have since found that the organism 
of "frenching" was associated with the nematodes in producing 
that disease, or rather in making it much serious". Frenching 
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is an old term for Fusarium wilt. Therefore, for nearly 
100 years, scientists have been aware of the concept of 
disease complexes but failed to understand fully the- mechanism 
of interaction. Bacteria and nematode, virus and nematode, 
nematode and nematode inter-relationships were reported for 
the first time by Hunger (1901), Hewitt et al,(1958), 
Chapman (1959) and Ross (1959), respectively. The literature 
on this aspect of Nematology has been reviewed by Pitcher 
(1963,1965,1978), Powell (1963,1971a and b, 1979), Miller 
(1965), Weischer (I968 ), Brzeski (1970) and Bergeson (1972), 
While reviewing the information regarding the interaction 
between plant parasitic nematodes and other pathogens, 
Pitcher (1965) visualized that plant parasitic nematodes 
may act as : 
(1) Vectors of pathogens capable of self establishment once 
in contact with the host; 
(2) Vectors of pathogens incapable of self establishment 
unless introduced below the epidermis; 
(3) mechanical wound agents; 
(A) providers of necrotic infection courts; 
(5) modifiers of substrate; 
(6) breakers of disease resistance and 
(7) deterrents of plant disease. 
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Powell (19714, for convenience sake, rightly cate-
gorized nematode-fungal interactions on the basis of 
symptomatology of the disease caused by fungi into the 
following three types: 
(A) Nematode-Fungus Wilt Disease Interactions; 
(B) Nematode-Root-Rot Disease Interactions; 
(C) Nenatode-Fungus Seedling Disease Interactions. 
Since in the present studies the fungal counterpart 
(R.solani) is a root-rot causing organism the review of 
literature presented here is confined to the interactions 
of nematodes with this fungus only. 
Khan and Saxena (1969) observed that R.solani alone 
reduced the emergence of cauliflower seedlings. However, 
when R.solani and Tylenchorhynchus brassicae Siddiqi,196l 
v;ere inoculated in the soil together and seeds were sown, 
the combined effect was much more drastic. Khan et_ al. 
(1971) observed that Tylenchorhynchus brassicae alone 
did not affect the percentage emergence of cauliflower 
seedlings but R.solani alone was significantly destructive. 
The adverse effect on seedling emergence was however greater 
when the nematode infestation occurred along with.fungal 
Infection. Mc Gawley et al,(1984) studied the interaction 
)f Hoplolaimus galeatus (Cobb,1913) Thorne,l935, Rhizoctonia. 
"usarium and Macrophomina. They observed that greater plant 
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damage occurred when inoculated coinbinedly with nematodes 
and fungi than inoculated singly. 
The association of pin-neraatode, Paratylenchus 
hamatus Thorne and Allen,1950 with the species of 
Rhizoctonia, Pythium and Fusarium causing root-rot of 
celery (Lownsbery and Lownsbery,1952) and mint (Horner 
and Jense'n,1954) v/as long ago reported but was not critically 
investigated. Benedict and Mountain (1956) reported that 
the fungus, R.solani and the root lesion nematode, 
Pratylenchus minyus Sher and Allen,1953 were closely and 
consistently associated in naturally occurring infection 
of winter wheat. The resultant root-rot was characterized 
by markedly yellowed and stunted patches of plants. The 
combined effect of the fungus and the nematode upon the 
grov/th of v/heat was almost twice as great as the effect 
produced when either pathogen was controlled by a selective 
soil treatment, Norton (1958) reported that charcoal-rot 
fungus, Macrophomina phaseoli (Moublanc) Asby, and the 
nematode, Pratylenchus hexincisus Taylor and Jenkins,1957 
together caused more destructive rot in sorghum rather than 
fungus alone, Bee-Rodriguez and Ayala (1977) investigated 
the interaction of Pratylenchus zeae Graham,1951 with 
Curvularia sp. Boedijn, Fusarium moniliforme Sheldon, 
R.solani and Macrophomina sp. Petrak, on sorghum and 
reported that root growth was suppressed by the association 
of nematode and either of the fungus. However, the highest^ 
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damage was observed v/hen P.zeae was found associated with 
Curvularia sp. Kotcon et_ al_. (1985) observed that 
Verticillium dahliae Kleb, separately caused reduction in 
plant growth, foliage weight and potato tuber yield. 
Pratylenchus penetrans caused stunting, chlorosis and 
premature senescence but did not reduce yield, Colletotrichum 
coccodes and R.solani had no direct effect on disease 
symptoms,plant growth or yield. They suggested that inter-
actions pf P.penetrans, C.coccodes or R.solani with 
V.dahliae did not result in significant yield reductions," 
Effect of P.penetrans in combination with V.dahliae on 
symptom expression were additive. 
Carter (1980) observed that simultaneous inoculation 
of cantaloup (Cucumis melo) with Macrophomina phaseoli and 
reniform nematode, Rotylenchulus reniformis, considerably 
increased the parasitism of the former, Kumar and Sivakumar 
(1981) reported that when R.reniformis and R.solani were 
present together, okra plants succumbed to wilt at an 
early stage but when the nematode infection preceded fungus, 
wilting occurred earlier than when the plants were inoculated 
first by the fungus, 
Reynold and Hanson (1957) reported greater severity 
of post-emergence damping-off in cotton caused by R,solani 
in the presence of M.incognita acrita Chitwood,1949, Powell 
and Batten (1967) investigated that R.solani and Pythlum sp. 
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Pringsheim normally caused significant damping-off of 
tobacco seedlings and no damage to mature plants, while 
preinfection with M.incognita caused more damage even to 
mature plants. However, simultaneously inoculated plants 
with fungus and root-knot nematodes showed least damage. 
Melendez and Powell (19^9) reported an extensive root-
necrosis in the mature plants of tobacco when inoculation 
either with R.solani, Pythium ultimum Trow or with 
Trichoderma harzianum Rafai followed root-knot nematode 
inoculation. Norton (I96O) observed that pre-emergence 
damping-off of cotton caused by Fusarium oxysporum f, 
vasinfectum (Atk.) Snyder and Hansen, Pythium debaryanum 
Hesse and R.solani, showed more destruction in the presence 
of M.incognita acrita than caused by either pathogen alone. 
White (1962) and Brodie (1963) reported a synergistic effect 
°^ R«solani, P.debaryanum and root-knot nematodes in seedling 
disease complex of cotton. 
Cauquil and Shepherd (1970) reported that concomitant 
inoculation of root-knot nematodes (Meloidogyne incognita) 
with Alternaria tenuis Nees, Fusarium oxysporum f, vasinfectum, 
Glomerella gossypii Edgarton and Rhizoctonia solani, 
synergistically increased the severity of the disease of 
cotton seedlings. Alternaria tenuis and F.oxysporum f. 
vasinfectum alone caused slight or no disease, but when 
combined with nematodes disease was severe. Golden and Van 
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Gundy (1972) studied the interaction of M.incognita with. 
R.solani and Thielaviopsis basicola Zopf on tomato and 
reported that M.incognita induced changes in the permeability 
of infected tomato roots resulting in increased leakage of 
electrolytes and organic compounds which consequently 
increased growth of both the fungi. Radewald _et al.(1974) 
observed that growth retardation or root deterioration was 
more when M.incognita was present with Pythlum ultimum or 
R.solani on Dichondra repens. Hazarika and Roy (1974) 
studied the effect of R.solani on the reproduction of 
Meloidogyne incognita on eggplant and reported that the two 
pathogens acted synergistically in causing plant damage 
but in the presence of fungus, nematode reproduction was 
enhanced. Similar results were also obtained by Varshney 
(1982) on cowpea, when inoculated with M.incognita and 
R.solani. Carter (1975) found that synergistic interaction 
between M.incognita and R.solani on cotton increased with the 
increase in soil particle size» Azam (1975) reported that 
Colletotrichum atramentarlum (Berk and Br.) Taub; a week 
pathogen, greatly damaged eggplant roots and reduced plant 
growth when preceded by root-knot nematode inoculation. It 
was, further, observed that M.incognita aggravated root-rot 
of eggplant caused either by R.solani or Pythium sp. Golden 
and Van Gundy (1975), while studying an interaction between 
M.incognita and R.solani on tomato and okra plants observed 
that R.solani penetrated directly or through injuries caused 
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by the mature females of nematodes. It, especially, colonized 
galled tissue and developed sclerotia there on. Azam £t al. 
(1977) reported that extracts of root-knot nematode infected 
roots when incorporated into agar medium resulted in signi-
ficant increase in radial grovrth of R.solani, Pythium spp. 
and Colletotrichum atramentarium in comparison to extracts 
of healthy roots. The radial growth of all three fungi was 
more in a medium having extracts obtained from roots inoculated 
with 5000 larvae. Chhabra _et al.(1977) reported that 
association.of M.incognita with R.solani caused highest 
reduction in root and shoot growth of okra when the plants 
were simultaneously inoculated with both the pathogens. 
Van Gundy _et a]^. (1977) observed that root exudates and other 
nutrient metabolites, secreted from galled tissues of tomato 
which were infected by M.incognita, caused severe root-rot 
in association but when used alone caused no root-rot. Their 
results are given below: 
o-
Treatments Root-rot 
Rhizoctania No 
Meloidogyne No 
Rhizoctania + Meloidogyne Yes 
Rhizoctonia + leachate from healthy plant No 
Rhizoctonia + leachate from nematode infected 
plant Yes 
Rhizoctonia + Meloidogyne + Continual 
irrigation to remove leachate No 
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They observed that carbohydrates accumulate in 
galled roots, especially during the first two weeks of 
infection. Root exu'dates" contain increased amounts of 
carbohydrates in comparison with those from uninfected roots. 
Galled roots also contained increased quantities of protein 
and amino acids. These changes in concentration and 
composition of organic substances in the soil doubtlessly 
influenced the attraction and growth of the fungus and 
enhanced its ability to penetrate into roots. It is evident 
from the results presented in the table that both, fungus 
and exudates from the roots infected with nematodes were 
necessary for root-rot disease to occur. When the root 
leachates from infected root were removed by trickle irriga-
tion, root-rot did not develop. Chhabra et al.(l978) 
reported that combined inoculation of R.solani and M.Incognita 
on okra plants grown in sandy-loamy and/or sandy clay loam 
soil caused more reduction in plant growth than caused by 
either pathogen alone. Inoculation of french bean with 
M.incognita alone, simultaneously with R.solani or 10 days 
prior to fungal infection, reduced plant height and fresh 
shoot weight and gave maximum root-knot index. Simultaneous 
inoculation of both pathogens caused greater damages than 
caused by either pathogen alone (Reddy e_t al., 1979)» 
Sharma and Gill (1980) failed to get interaction 
between M.incognita and R.solani on potato. But, on the other 
hand, Sharma et o_l.(l980) reported that M.incognita and 
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Rhizoctonia bataticola» when inoculated simultaneously, had 
synergistic effect on root-rotting of okra plants. They, 
further, reported that biochemical analysis of okra roots 
revealed large accumulation of total phenols,proteins and 
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proline in the roots infected both with M.incognita alone 
and in combination with R.bataticola over the healthy roots, 
A pronounced increase in proline content was observed in 
r^ .incognita and R.bataticola infected roots than in roots 
infected with M.incognita alone. Carter (1981) reported that 
concomitant inoculation, of M.incognita with R.solani caused 
more damage than caused by either pathogen alone. He, further, 
suggested that the nematode provided additional penetration 
sites for the fungus since the two organisms attack spatially 
separate tissues. Hypocotyl wounding and infection by 
K.incognita were independent in enhancing the seedling disease 
of cotton caused by R.solani as localized effect was produced 
by hypototyl wounding but the synstemic effect was induced 
due to infection of M.incognita. Chhabra and Sharma (1981) 
studied the effect of M.incognita and Rhizoctonia bataticola 
on the germination of eggplant and okra seeds and reported 
greater reduction in seed germination when both M.Incognita 
and R.bataticola were present than in case of either pathogen 
alone. Raut (1983) studied the effect of M.incognita, 
R.bataticola and F.solani alone or in various combinations. 
All the three organisms adversely affected top and root growth. 
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Concomitant inoculations revealed that the nematode was 
unable to advance the disease appearance or affect the 
disease incidence but positively affected the intensity of 
the disease. Adverse effect of the nematode was mitigated 
to a great extent by establishment of either of the fungi 
prior to nematode oe the .other fungus but establishment 
of nematode prior to R.bataticola had synergistic effect on 
reducing top growth. 
Association of Meloidogyne .javanica (Treub,1885) 
Chitwood,1949 or M.hapla Chitwood,1949 with R.solani resulted 
in more seedling mortality of soybean than caused by either 
pathogen singly (Taylor and Wyllie,1959). Goswami et al.(1975) 
reported 33.3?^  wilting of tomato plants when inoculated with 
M.javanica three weeks prior to inoculations with Rhizoctonla 
bataticola. Approximately 13.3, 6,7 and 6.75^  wilting was 
noted in treatments receiving simultaneous inoculations of 
both pathogens, fungus alone or fungus three weeks before 
nematode inoculation respectively indicating thereby a pre-
disposing effect of nematodes on the plants to fungal attack. 
Ibrahim and El-Saedy (1977) observed that fev/er galls were 
produced on roots of groundnut cv, Giza-4 when infected with 
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M,.1avanica and either F.solani or R.solanl than when 
infected with the nematode alone. In another study, 
simultaneous inoculation of M..javanica with F• solani, 
F.monlllforme Sheldon, R.solani or Sclerotium bataticola . 
Taub, decreased plant growth of hybrid 17A to a much more 
extent then the single inoculation by the nematode or 
fungus, Nath £t al,(1984) reported that M,javanica signi-
ficantly increased the damage by pre and post-emergence 
phases of damping-off in tomato caused by Fusarlum, 
Rhizoctonia and Pythium, Interaction of Fusarlum + 
Rhizoctonia with or without nematode produced low percentage 
and long duration of damping-off, low root-knot index and low 
recovery of nematode population. Maximum reduction in shoot 
length and nematode count occurred with combined inoculation 
of M,.iavanica and Rhizoctonia. They,further, suggested that 
mechanical wounding of roots, devoid of nematode in the 
presence of any of the damping-off fungi exhibited low 
percentage of damping-off, minimum reduction in plant height 
and their fresh weight in comparison to treatments where 
nematode replaced mechanical wounding, 
Irvine (1965) reported that highest number of alfalfa 
plants infected with Meloidogyne hapla and R,solani were 
killed at 20 to 30°C than at 15°C, thereby indicating that 
temperature plays an important role in disease complex 
situation. Khan and Muller (1982) studied the interaction 
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between R.solani and M.hapla on radish plants. They, 
observed that prior infection of roots by nematodes favoured 
th^ colonizing capability of the fungus. Galls were pre-
ferred by the fungus and mycelium accumulated over them. 
Vigorous mycelial growth and abundant sclerotial formation 
was observed on galls. Non-galled portion did not show 
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sclerotial formation,but in contrast more hyphal growth and 
penetration was observed in the roots inoculated with the 
fungus alone. They, further, suggested that apparently, the 
physiological changes, especially, in the galled regions due 
to nematode infection, predisposed the roots for invasion 
and rapid colonization by the fungus, 
Garcia and Mitchell (1975) observed that Pythium 
myriotylum Drechs, interacted synergistically with F.solani 
and M.arenaria (Meal), Chitwood, 19'^ 9 hut not with R.solani, 
in causing damping-off of seedlings. P.myriotylum was not 
recovered from soil or roots after three weeks of exposure of 
seedlings to a combination of P.myriotylum and R.solani; 
but P.myriotylum was recovered from soil and plants exposed 
to it in soil when in combination with other pathogensi 
R.solani was recovered from soil and roots of plants exposed 
singly or in combinations with other pathogens. 
De'Souza (1978) observed that simultaneous or indivi-
dual inoculations of Coffea arabica seedlings with Meloido^yne 
exigua GGeldi,1887 and R.solani caused less root necrosis and 
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defoliation than was observed when K.exlgua preceded R.solanl 
inoculation. 
Grainjer and Clark (I963) reported the reduction in 
yield of potatoes inoculated with R.solani and Globodera 
rostochiensis (Wollenweber,1923) Behrens,1975 even at the 
moderate level 01 infestation. Dunn and Hughes (I96A) and 
Dunn (1968,1970) found more reduction in tomato growth when 
G.rostochiensis entered the roots prior to R.solani and 
Colletotrichum atramentarium than when fungus preceded the 
nematode or when the two pathogens entered simultaneously, 
Giebel (197:5) observed that the damaged cells and giant 
cells initiated in potato roots by G.rostochiensis were 
often the penetration sites for the fungus, R.solani. He, 
further, suggested that the changes in plant metabolism, 
caused by the nematode, favoured infection v/ith R.solani. 
Roy (1977) reported that tomato cultivar "Ailsa Craig" 
showed greater growth reduction when inoculated with G. 
rostochiensis and then with R.solani or Colletotrichur 
coccodes as compared to the situation when the fungus 
preceded the nematode inoculation. 
jm 
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Rhizoctonia solan! and Heterodera schachtii Schmidt, 
1871 produced synergistic effect on sugarbeet seedlings 
(Price and Schneider,I965; Polychronopoulos et al.,1969 
and Polychronopoulos, 1970). Whitney and IDoney (1973) reported 
synergistic interaction between cyst nematode, H.schactii, 
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and the fungi R.solanl, Colletotrichum atramentarium and 
Aphanomyces cochlioides in root-rot of sugarbeet. 
Dave (1975) reported that damage caused by R.solani 
to soybean in the presence of nematodes (Heterodera glycines 
Ichinohe,l952; Pratylenchus scribneri Steiner,19^3; and 
Tylenchorhynchus martini Fielding,1956) was not more than 
additive. However, R.solani inhibited nematode population 
and the development of H,glycines but the effect of T.martini 
was not very much pronounced, Fortnum and Lewis (1978) 
observed that on soybeans, Rhizoctonia root populations were 
positively correlated with the presence of Hoplolaimus 
Columbus. Meloidogyne incognita infestation was also 
correlated with root populations of Rhizoctonia. Pythium 
soil population was negatively correlated with H.columbus 
but was not significantly affected by M.incognita. Fusarium 
and Rhizoctonia soil populations were unaffected by M.incognita 
or H.columbus. 
NEMATODE-NEMTODE INTERACTION 
There is little information about nematode-nematode 
interactions as compared to nematode-fungal interactions 
although the plant parasitic nematodes are generally poly-
phagous and in no locality the soil is infested with pure 
population of a single nematode species. This natural 
ecological situation, therefore, provides ample opportunities 
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for a variety of nematode-nematode interactions that may 
either involve different species of the same genus or of 
different genera of nematodes. However, only a few inves-
tigations have so far been carried out on the interaction 
between different species of the same genus, 
1, INTERSPECIFIC INTERACTIONS : 
Probably, the first interspecific interaction was 
reported by Minz and Strich-Harari (1958) who observed an 
interspecific dominance of one species of Meloidogyne over 
another. Chapman (1965) reported that 90 and 57% females 
of M.incognita matured at moderate and relatively low 
temperatures respectively in case of combined inoculations 
of tomato with M.incognita and M.hapla. Ferris et al,(1967) 
reported that Pratylenchus penetrans (Cobb,1917) Filipjev 
and Schuurmans Stekhoven,19^1 tended to reduce the population 
of P.alleni Ferris,1961 on soybean when present together, 
Kinolch and Allen (1972) reported predominance of M,javanica 
over M.hapla when present together. They reported increased 
predominance of M..javanica with the increasing inoculums of 
the two species. 
© 
Interaction between individuals of the same species 
has also been reported (Jatala and Jensen,1976), They 
observed self interaction in M.hapla on sugarbeet where 
double inoculation caused greater root galling in comparison 
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to single inoculation, although in both cases the inoculum 
v;as the same. Similarly, cyst population was greatly 
increased in case of double inoculation of H.schachtii 
Schmidt,1871. They, further, observed that plants died 
more quickly after double inoculation than after single 
inoculation of the same total number of either nematode 
species, 
2. INTERGENERIC INTERACTIONS : 
Two or more species of different nematode genera 
(ecto, endo and/or semi-endoparasitic types) may be involved 
in the intergeneric nematode interactions. A perusal of 
the literature has revealed that intergeneric associations 
appear to be more common than interspecific interactions. 
(i) INTERACTIONS INVOLVING TWO OR MORE ECTOPARASITIC 
NEMATODE SPECIES : 
Bird and Jenkins (1964) observed that when cranberry 
roots wer=e concomitantly inoculated with Hemlcycliophora 
simllls Thorne,1955 and Macroposthonia xenoplax (Raski,1952) 
DeGrisse and Loof,1965 there was an increase in the popula-
tion of the former. Similarly, Schmidt and Lewis (1981) 
observed that the population of Scutellonema brachyurus 
(Steiner,1938) Andrassy,1958 increased in the presence of 
Hoplolaimus columbus (Sher,l963) Shamsi,1979 on cotton, 
Johnson (1969,1970), while studying an interaction between 
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Criconemoides ornatus Raski,1958; Tylenchorhynchus martini 
Fielding,1956 and Belonolaimus longicaudatus Rau,1958 on 
six varieties of bermuda grass, reported reduction in final 
population of all the three nematodes. The population of 
B.longiCaudatus was, however, least affected. Prasad and 
Rao (1977) reported that interaction of Tylenchorhynchus 
claytoni Steiner,1937 and Helicotylenchus crenatus Das,1960 
on rice resulted in significant population decrease (59.1%) 
of H.crenatus indicating that this nematode could not 
effectively compete with T.claytoni. Balakhina (1979) 
reported an intergeneric antagonism between Aphelenchus 
avenae Bastian,1865 and Aphelenchoides saprophilus Franklin, 
1957 on wheat where'A.saprophilus was the dominant species, 
Upadhyay and Swarup (I98I) noticed that Merlinius brevidens 
(Allen,1955) Siddiqi,1970 suppressed the multiplication of 
Tylenchorhynchus vulgaris Upadhyay e_t al^ , ,1972, on wheat in 
case of simultaneous inoculations. 
(ii) INTERACTIONS INVOLVING ECTO AND MIGRATORY ENDOPARASITIC 
NEHATODES : 
Ctiapman (1959) noticed that there was no significant 
difference in the plant growth of red clover and alfalfa 
when inoculated concomitantly with Pratylenchus penetrans 
and Tylenchorhynchus martini or with either of the two 
nematode species separately. Population of T.martini was, 
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however, reduced in case of concomitant inoculation. Johnson 
and Nusbaum (1968) observed that population of Pratylenchus 
zeae Graham,1951 was more on some corn varieties in combi-
nation with Trichodorus christiei Allen,1957 than when 
present alone. The population of T.christiei also increased 
in most of the varieties. Toberjimnaz (1973) studied the 
combined effect of Pratylenchus minyus Sher and Allen,1953 
Tylenchorhynchus dubius (Buetschli,1877) Filipjev,1933 and 
Macroposthonia curvata Raski,1952, on Pianthus caryophyllus 
and D.alpinus. He reported that population of P.minyus 
was reduced on both the plants in the presence of T.dubius. 
Concomitant inoculation of Paratylenchus neoamblycephalus 
Geraet,1965 and Macroposthonia xenoplax Raski,1952 on 
"Myrobalam" plum caused darkening of roots and reduction 
in feeder roots which led to water logging. High inoculum 
levels of either nematode species suppressed the low inoculum 
levels of the other (Braun _et a]^. ,1975). Miller and Mc-
Intyre (1975) and Mc-Intyre and Miller (1976) reported that 
simultaneous or prior inoculations of Pratylenchus penetrans 
and Tvlenchorhynchus claytoni prevented the entry of 
P.penetrans in tobacco roots. Acosta and Ayala (1976) 
reported that in the event of combined inoculation of 
P.coffeae (Zimmerman,1898) Goodey,1951 and Scutellonema 
bradys (Steiner and Le Hew,1933) Andrassy,1958, the popula-
tion of S.bradys was reduced, but the interaction resulted 
53% reduction in top growth of yam. Separate inoculations 
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with P.coffeae and S.bradys, on the other hand, caused only 
29 and 21% growth reductions respectively. Pinochet _et a]^. 
(1976) reported that concomitant inoculations of P.vulnus 
Allen and Jensen,1951 and Xiphinema index Thorne and Allen, 
1950 caused greater growth reduction.of grape vine (Vitis 
vinifera) than caused by any one of them singly. Moreover, 
the population of X.index was reduced in the presence of 
P.vulnus. Cuarezma-Teran and Trevathan (1985) reported that 
concomitant inoculation of Quinisulcius acutus (Allen,1955) 
Siddiqi,1971 and P.zeae caused greatest suppression of plant 
growth than caused by either of the pathogen alone. The 
population density of the tv/o species was significantly less 
v/hen combined than for each species alone. However, when 
the two species were combined, reproduction of P.zeae was 
greater than that of Q.acutus, but the final populations per 
gram of root weight were the same. 
(iii) INTERACTIONS ir^OLVING ECTO AND SEDENTARY ENDOPARASITIC 
NEMATODES : 
Malek and Jenkins (1964) reported that combined 
inoculation of M.hapla, Criconemoides curvatum and Trichodorus 
christiei resulted in the population decrease of nematodes. 
Norton (1969) reported two fold increase in the population 
of Xiphinema americanum Cobb, 1913 in the absence of M.hapla 
than in its presence in alfalfa field. Bird _et al.(1974) 
reported that under field conditions Hoplolaimus columbus 
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Sher,1963 and M.Incognita significantly inhibited the 
population of concomitant species on cotton showing anta-
gonistic relationship. Hasan and Alam (1975) reported 
that the presence of M.incognita retarded the population 
build up of Hoplolaimus indicus Sher,1963 on tomato roots. 
Alam _et al^ .(1975) reported that combined inoculation of 
M.incognita and Tylenchorhynchus brassicae Siddiqi,196l 
caused significant reduction in the growth of tomato plants 
than caused by the single inoculation. Yang et al.(1976) 
studied the interaction betv/een K.incognita, Belonolaimus 
longiCaudatus and Hoplolaimus galeatus (Cobb,191 3) Thome, 
1935 and reported that populations of M.incognita and 
H,galeatus were reduced in the combined infection. The 
presence of Criconemoides ornatus Raski,1958, Hoplolaimus 
indicus and Tylenchorhynchus sp. reduced the severity of 
root-knot on brinjal (Mishra and Das,1977) and of Hoplolaimus 
Columbus on soybean (Fortnum & Lewis,1978). Santo and 
Bolander (1977) reported that population of Macroposthonia 
xenoplax increased in the presence of M.hapla on grapes. 
Vaishnav and Sethi (1978) observed that combined inoculation 
of M.Incognita and Tylenchorhynchus vulgaris improved the 
growth of bajra plants. T.vulgaris exhibited antagonistic 
relationship towards M.incognita, while T.vtilgaris itself 
reproduced better in the presence of M.incognita. Khan e_t a]^. 
(1978) reported that simultaneous inoculation of M.incognita 
and T.brassicae on tomato adversely affected the multiplication, 
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rate of both nematode species. The reduction in multipli-
cation rate of M.incognita in the presence of T.brassicae 
was more than that of T.brassicae in the presence of 
M.incognita. 
Schmidt and Lewis (1981) reported that populations 
of Scutellonema brachyurus (Steiner,1938) Andrassy,1958 
increased in the presence of Hoplolaimus columbus but were 
suppressed by M.incognita on cotton seedlings. Further, 
they noted that concomitant inoculation of H.columbus with 
either M.incognita or S.brachyurus in-creased H.columbus 
populations over treatments with H.columbus alone. Similarly, 
inoculation with S.brachyurus increased M.incognita popula-
tion, while H.columbus suppressed the population of M.Incognita, 
Kaul and Sethi (1982)/studied the interaction between 
Heterodera zeae, M.incognita and Tylenchorhynchus vulgaris 
on maize. Lower levels of T.vulgaris at 500 larvae of 
H.zeae and lower levels of M.incognita at 1000 larvae had 
synergistic effect on cyst production. Gall formation by 
M.incognita was adverselly affected by the presence of one 
or both of the other nematode species. Final populationcof 
M.incognita was adversely affected by H.zeae but not by 
T.vulgaris, population of T.vulgaris was also reduced by 
H.zeae and M.Incognita. Simultaneous inoculation with 
M.incognita did not affect the penetration of H.zeae but the 
penetration of M.incognita was adversely affected by the 
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presence of H.zeae. On the other hand, T.vxilgaris tended 
to enhance the penetration of M.incognita, 
(iv) INTERACTIONS INVOLVING SEhlENDO AND MIGRATORY 
ENDOPARASITIC NEFiATODES; 
Kaplan and Timmer (1982) studied the effect of 
combined inoculation of Pratylenchus coffeae and Tylenchulus 
semipenetrans and reported that population of either species 
did not preclude infection by other species. Inoculation 
with either T.semipenetrans or P.coffeae tended to reduce 
the population size of the other nematode species. 
(v) INTERACTIONS INVOLVING MIGRATORY ENDQ AND SEDENTARY 
ENDOPARASITIC NEMATODES : 
Estores and Chen (1970) reported an interaction 
between P,penetrans and M.incognita acrita on tomato. They 
observed that penetration of P.penetrans was not affected 
by the presence of M.incognita acrita but the subsequent 
development and reproduction of P.penetrans were inhibited. 
Galls produced by M.incognita acrita in the presence of 
P.penetrans were smaller and fewer than those formed in its 
absence. However, M.incognita acrita alone caused more 
severe stunting than caused by the two pathogens together. 
In another study, they (1972) observed that interaction of 
M.lnco,o:nita and P.penetrans resulted in the suppression of 
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population densities of both the nematodes when they co-
inhabited tomato roots. Root invasion by P.penetrans was 
also significantly inhibited by the presence of M.Incognita. 
Miller (1970) reported that P.penetrans and Heterodera 
tabacum Lownsbery & Lownsbery,1954 were mutually antago-
nistic towards each other. P.penetrans was usually absent 
in the tobacco fields with heavy infestation of H.tabaccum. 
Turner and Chapman (1972) reported that the effect of joint 
invasion of alfalfa and red clover by M.incognita and 
P.penetrans was more or less the same as for each nematode 
species alone. Penetration by M.incognita into alfalfa, but 
not into red clover, was significantly reduced when simul-
taneously inoculated with 50 larvae of M.incognita and 
200 specimens of P.penetrans. When a large number of P. 
penetrans.entered into the roots of both plant species, the 
penetration of M.incognita was highly reduced. In. a reciprocal 
situation, on the other hand, penetration was unaffected. 
Sikora e_t al^ . (1972) observed that population of P.penetrans 
increased in the presence of M.naasl Franklin,1965 on bent 
grass. Gay and Bird (1973) reported significantly increased 
populations of Pratylenchus brachyurus on cotton in the 
presence of either M.Incognita or N.arenaria. This occurred 
with either simultaneous inoculations or prior invasion by 
M.incognita. Prior invasion by M.incognita however, 
suppressed P.brachyurus populations on tomato, while it had 
no effect on alfalfa and tobacco. Populations of M.incognita 
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on cotton were generally inhibited by the presence of 
P.brachyurus. Simultaneous inoculation with or previous 
invasion by P.brachyurus also inhibited root penetration 
'^y M.incognita. Amosu and Taylor (1974) noted that at 
moderate inoculum levels of P.penetrans and M.incognita 
on red clover the population of P.penetrans was reduced, 
whereas at higher inoculum level of P.penetrans, gall forma-
tion was reduced. Chapman and Turner (1975) reported that 
egg laying by P.penetrans decreased as the number of 
nematodes and priority of invasion by M.incognita increased. 
When red clover was inoculated with M.incognita 4 days prior 
to P.penetrans the greatest reduction occurred v/hen there 
were 65 entrant nematodes in which the ratio of M.Incognita 
and P.penetrans was 4:1, while the greatest reduction in 
alfalfa occurred v/hen there were 45 entrant nematodes in the 
ratio of 2:1. 
Griffin (1983) reported that combination of 
Heterodera schactii and D.dipsaci significantly reduced the 
root growth of sugarbeet below that of single inoculation 
of H.schactii at all temperatures and D.dipsaci at 20, 24 
and 28''C. Similarly, top growth was reduced below that of 
single inoculations of H.schactii at all temperatures. 
However, concomitance of the two nematodes failed to reduce 
top gro'vTth significantly below that of single inoculations 
of D.dipsaci at any temperature. Inoculations of either 
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H.schactii or D.dipsaci did not affect penetration of the 
other nematode and D.dipsaci did not affect development and 
reproduction of H.schactii. 
(vi) INTERACTIQKS im^OLVING SEMI ENDQ AND SEDENTARY ENDO-
PARASITIC NEMATODES : 
Rao and Prasad (1971) obsdrved that Rotylenchulus 
reniformis, when occurring alone, caused greater damage than 
M..javanica alone or both the species when present together 
in equal densities. Winoto and Lim (1972) noticed that 
individual inoculation of R.reniformis on tomato tended to 
reduce top weight,whilst M.incognita increased them. They, 
further, reported that root and top weights of plants con-
comitantly inoculated with both the nematodes were similar 
to those of the control except at a very high level of 
inoculum. Multiplication of M.incognita was inhibited by 
the presence of R.reniformis. While, only very large 
number of M.incognita affected the population growth of 
R.reniformis. Singh (1976) observed that concomitant inocu-
lation of soybean plants with R.reniformis and M.incognita 
caused more damage than caused by any one of them separately. 
He, further, reported that multiplication of R.reniformis 
was inhibited by the presence of M.incognita, but, M.incognita 
was little affected b;/ the presence of R.reniformis. Kheir 
and Osrnan (1977) demonstrated that root penetration by 
larvae of M.incognita was adversely affected by the presence 
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of R.reniformis and concluded that the latter competed more 
eff£ctively. The development and multiplication of 
M.incognita was also affected when R.reniformis was present. 
Relatively few M.incognita reached the adult stage and laid 
few eggs in mixed infestation as compared with pure popu-
lation. Khan e_t al^ . (1979), on the other hand, reported 
that the populations of both M.incognita and R.reniformis 
were reduced in mixed infections on tomato, Taha and 
Kassab (1980) reported that simultaneous inoculation of 
M.,iavanica and R.reniformis on cowpea resulted in the prior 
invasion of M.javanica, but did not affect root invasion by 
R.reniformis. Meloidogyne javanica population increased 
less in competition with R.reniformis than when present 
alone. Pre-invasion by R.reniformis significantly suppressed 
the number of M.javani_ca in the roots. Meloidogyne javanica 
is more competitive than R.reniformis and ultimately predo-
minates as a result of the higher reproductive potential 
and shorter time spent in soil before infection. Thomas 
and Clark (1980) reported that M.incognita reproduced equally 
well in combination with R.reniformis as it did when present 
alone but R.reniformis population was significantly reduced 
in the presence of M.incognita in a green house test using 
"Centennial" sweet potato cuttings. In a test, where 
equvilent numbers of M.incognita eggs were added to soil 
naturally infested with R.reniformis (300 larvae/500 ml 
soil), R.reniformis reproduction in combination with 
36 
M.incognita was reduced in comparison to R.reniformis alone 
but at the same time, M.i-ncognita population was increased 
as compared to alone. Field study showed R.reniformis to 
be the predominant species in most of the test areas with 
M.Incognita being detected only late in the season. In 
some plots where M.incognita was detected early in the 
season, R.reniformis populations were lower at the end of 
the season. Rao and Seshadri (1981) studied the interaction 
of M.incognita and R.reniformis on grapevine. They reported 
that the reduction in root length was more by M.incognita 
(5796) than by R.reniformis (34%). The shoot weight and 
root length reduction at 200 larval level by M.incognita 
alone was more than either by R.reniformis alone or the 
combination of both the nematodes. In general, when both 
the nematodes were inoculated, the interaction effect was 
suppressive being additive in respect of nematode population. 
Both were antagonistic to each other in combined inocula-
tions. The suppressive effect of M.incognita was more on 
R.reniformis. Mishra and Gaur (1981) reported that extent of 
growth reduction of black gram was relatively less in con-
comitant inoculation with M.incognita and R.reniformis than 
caused by either pathogen singly. Thomas and Clark (1983a) 
suggested that in field plots fumigated with methyl bromide 
and then infested with low levels of R.reniformis. M.incognita 
and R.reniformis + M.incognita, final population densities 
of _M.incognita Juveniles were reduced by R.reniformis. but 
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R.reniformis was not affected by M.incognita. In another 
field plot with a tfilgh natural population density of 
R.reniformis high levels of M.incognita (artificial infes-
tation) in both fumigated and non fumigated treatments 
inhibited R.reniformis, while M.incognita juvenile population 
density was not affected. Both nematodes increased cracking 
of sweet potatoes but mixed population did not differ in 
incidence of cracking from either R.reniformis or M.incognita 
alone. In another study, Thomas and Clark (1983b) observed 
that reproduction of R.reniformis was reduced by M.incognita 
on sweet potato at all inoculum levels and experiment 
durations used,while M.incognita reproduction was not 
inhibited. Khan ^  al.(1984) reported that higher inoculum 
levels of both M.incognita and R.reniformis, when present 
singly or together, caused significant reduction In growth 
of tomato var. Marglobe. Multiplication rate of each pathogen 
was inversely proportional to inoculum level and in concomi-
tant inoculations, M.incognita reduced the multiplication 
rate of R.reniformis. 
(vii) INTERACTIONS INVOLVING TWO OR MORE MIGRATORY ENDO-
PARASITIC NEMTQDES : 
Weischer (197A) reported reduction in population of 
Ditylenchus dipsaci (Kuhn,1857) Filipjev,1936 in the 
presence of Aphelenchoides ritzemabosi (Schwartz,1911) Steiner, 
1932 on tobacco leaves. However, the population of A. 
ritzemabosi was enhanced on stem and petiole where it does 
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not develop normally. O'Bannon ^ al.(1975) reported that 
concomitant inoculaftion on citrus with Rodophlus similis 
(Cobb,1913) Thorne,19'^ 9 and Pratylenchus coffeae 
(Zimmerman,1898) Filipjev & Schuurmans Stekhoven,19^1 resulted 
in lower populations of each species than did separate 
inoculations. 
(viii) INTERACTIONS INVOLVING TWO OR MORE SPECIES OF 
SEDENTARY ENDOPARASITIC NEMATODES : 
Ross (1959,1964) reported that the population of 
Meloido2;yne incognita was suppressed by Heterodera glycines 
Ichinohe,1962 on soybean whereas H.glycines largely remained 
unaffected by M.incognita. Root-knot nematode population, 
however, curtailed cyst production in early part of the 
season. In the later part of the season the population of 
cyst nematode was higher in plots containing both the 
nematodes than in pots containing only cyst nematode. 
Jatala and Jensen (1972,1976) observed that when Heterodera 
schachtii preceded M.hapla in an inoculation of Beta vulgaris 
a marked reduction in galling occurred but when the latter 
preceded the former a five fold increase in cyst formation 
was noticed. Simultaneous inoculation, however, showed no 
significant change in population of either nematode species. 
Sharma and Sethi (l975b)observed that in concomitant inocu-
lation of cov/pea with H.cajani Koshy, I967 and M.incognita 
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the population build up of both the nematodes was suppressed. 
However, the plant growth was similar to that obtained wherein 
either of them was used alone, Sharma and Sethi (1975) 
reported that host infestation and total multiplication of 
M.incognita and H.cajani were mutually inhibited by each 
other. Prior inoculation of either species proved to be 
detrimental to the population development of the other. 
H.ca.jani larvae penetrated faster and in larger numbers than 
M.incognita larvae. 
Griffin and Waite(l982) observed a synergistic 
relationship between M.hapla and H.schactii. A combination 
of H.schactii (UTIC) and M.hapla significantly reduced tomato 
root weights by 65, 64 and 6^% below root weights of untreated, 
control, and single inoculations of M.hapla and H.schachtii 
respectively. This corresponded to root reduction of 42, 
44 and 46% from combinations of H.schachtii (UTIB) and M.hapla, 
Antagonism existed between H.schachtii and M.hapla with 
regara to infection courts and feeding sites. The root-knot 
galling index dropped from 5,0 with single inoculation of 
M.hapla to 4,3 and 3.3 with combined inoculations of M.hapla 
plus UTIB and M.hapla plus UTIC cyst nematode populations. 
Jatala and Jensen (1983) observed that when majority of 
M.hapla were in second, third or fourth larval stages in 
the plants prior to H.schachtii inoculation, growth and 
development of the latter was retarded. However, when 
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M.hapla reached the young female stage prior to inoculation 
of H.schachtii establishment and development of the latter 
was greatly enhanced. As M.hapla reached maturity before 
and after egg production prior to H.schachtii inoculation, 
establishment and growth of the latter were progressively 
decreased. In each instance M.hapla developed independently, 
matured at the same rate as in plants inoculated with only 
M.hapla. Inserra ^ t al_. (1984) reported that the adverse 
effect of Nacobbus aberrans (Thorne,1935) Thorne and Allen, 
1944 on the multiplication of either M.hapla or H.schachtii 
was dependent on time and was more accentuated on that of 
M.hapla than on that of H.schachtii. Neither, M.hapla nor 
H.schachtii had an adverse effect on multiplication of 
N.aberrans. Griffin (1985) reported that female development 
and multiplication of M.hapla was adversely affected by 
H.schachtii in combined inoculations of the two nematode 
species and this effect was more pronounced with prior inocu-
lation of tomato with H.schachtii. On the other hand, 
M.hapla minimally affected H.schachtii female development, 
but, there was significant reduction in the build up of 
H.schachtii when M.hapla inoculation preceded that of H. 
schachtii by 20 days, 
(ix) INTERACTIONS INVOLVING SEMI-ENDOPARASITIC NEMATODES; 
The populations of R.reniformis and Tylenchulus 
semlpenetrans were reduced in mixed infestations of grape 
vine (Taha and Sultan,1977). 
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(x) INTERACTIONS INVOLVING ECTO,MIGRATORY ENDO AND 
SEDENTARY ENDOPARASITIC NEMATODES : 
Miller and Wirheim (1968) observed that multiple 
inoculation of tobacco with Globodera tabacum Lownsbery and 
Lownsbery,1954, Behrens,1975, P.penetrans and Tylencho-
rhynchus playtoni caused reduction in the infection and 
survival of all three nematode species, Sikora et al.(1972) 
reported that in combined inoculation of Meloidogyne naasi 
Franklin,1965, P.penetrans and Tylenchorhynchus agri Ferris, 
1963 on creeping bent grass the effect of each species on 
top growth was add!tive,Tylenchorhynchus agri inhibited the 
population of M.naasi, whereas the population of T.agri and 
P.penetrans remained unaffected in all the combinations, 
Amosu and Taylor (197A) reported an interaction between 
M.hapla, P.penetrans and T.agri on red clover wherein popula-
tions of P.penetrans and T.agri were significantly reduced 
in three species combination. The dry weight of shoot and 
Q 
roots was also reduced significantly. Similarly, Van Gundy 
and Kirkpatrick (1975) reported suppression of M.incognita 
by Pratylenchus scribneri St^iner in Sherbakoff and Stanley, 
I9A3, Trichodorus christiei and Hemlcycliophora sp. 
INTER-RELATIONSHIP BETWEEN NEMATODES AND ROOT-NODULE 
BACTERIA : 
The great importance of nitrogen fixation by nodule 
forming bacteria of the genus Rhizobium to agriculture has 
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been known for many years. The role of nematodes in the 
symbiotic relationship between bacteria and legumes has not 
yet been fully investigated. Nematodes, legumes, and 
bacteria are all interconnected in complex ways. Plant 
parasitic nematodes have been found to suppress nodulation 
(Romaniko,1958; Epps and Chambers,1962; Malek and Jenkins, 
1964; Husaini and Seshadri,1975; Taha and Kassab,1980). 
However, the influence of nematodes on the Np fixing potential 
is not always adverse, but in some cases nematode infes-
tation has even been reported to stimulate nodulation and 
N2 fixation (Baldwin _et al_., 1975; Hussey and Barker,1976; 
Baldwin e_t a^. ,197§). On the other hand, Hussey and Barker 
(1976) reported that nematodes have no remarkable effect on 
nodulation. 
(i) EFFECT OF SEDENTARY ENDOPARASITIC NEMATODES : 
Miller (19.51) was the first to observe inhibition 
of nodulation on plant roots in the presence of root-knot 
nematode infection. Later, several other workers have also 
reported that root-knot and cyst nematodes cause reduction 
in nodulation on leguminous plants. Masefield (1958) 
suggested that nematode galls on the root may effect nodula-
tion by causing deficiency of nutrients in the host root 
which are needed by the rhizobia or by occupying the major 
portion of root surface. Van Schreven (1958) also reported 
deleterious effect of nematodes on nodulation. Robinson (I96I) 
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observed that larvae of M..1avanica attacked the root-nodules 
on Vigna ungjiculata and Stizlobium sp. at different stages 
of the nodular developiTient, with preference for yoianger 
nodules. Giant cells were formed by the nematode inside the 
nodules and there was secondary invasion by later genera-
tions of the nematode. Nigh (1965) observed that M.javanica_ 
suppressed Rhizobium nodulation on alfalfa. He noted that 
simultaneous inoculation of bacterium and nematode showed 
greater reduction in nodulation and the nodules were rarely 
invaded by the nematodes. Prior inoculation with bacterium, 
on the other hand, facilitated the invasion of nodules by 
the nematodes. 
Bacterial nodulation of soybean roots, produced by 
Rhizobium japonicum, was less in the presence of M.javanica 
M.hapla and K.incognita. Greatest reduction was caused by 
M..1avanica but there was no difference between inoculations 
with 100 and 1000 larvae. The reduction of nodulation v/as 
attributed to the direct interference of root-knot larvae 
with the establishment of Rhizobium as indicated by the 
lesser production of root hairs in the infected plants 
thereby destroying the infection site of Rhizobium spp. 
Reduced number of nodules might also be due to overall 
reduction of root system and altered root physiology which 
probably becomes incompatible to bacterial development 
(Balasubramanian,1971). Meloidogyne incognita reduced nodu-
lation on-soybean plants (Baldwin £t a]^. ,1975). Hussey and 
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Barker (1974), on the other hand, observed stimulation of 
nodule formation on soybean and cowpea infected with 
Meloidogyne spp. but noticed on adverse effect on nitrogen 
fixation. They also found that Meloidogyne spp. developed 
more readily within nodular tissues of soybean than on 
other legumes they tested. Hussaini and Seshadri (1975) 
reported that M.incognita was pathogenic to mung bean and 
hampered nitrogen fixation. Reduction in nitrogen content 
was due to the over all reduction in nodulatioji, anatomical 
changes in nodules and altered host physiology. Bopaiah 
et al_. (1976a)studied nitrogen fixation in mung bean plants. 
They suggested that the nematode inoculation prior to 
rhizobia resulted in maximum reduction of nodules. In plants, 
o 
v.'here Rhizobium inoculation preceded nematode inoculation 
or inoculated with Rhizobium alone, nodulation was normal. 
The infestation by the nematode interfered with nitrogen 
fixation and reduced the nitrogen content of shoot and root. 
There was a corresponding decrease in nodulation 
with the increase in inoculum level of M.incognita (Singh 
et al.,1977). Ogbuji (1977) reported that individual 
inoculation of either root-knot nematode or Rhizobium on 
cowpea plants gave high contents of galls and nodules 
respectively. On the other hand, simultaneous inoculation 
of both the pathogens produced few or no galls and nodules. 
Srivastava £t al.(l979) reported that the growth of soybean. 
Glycine max, was affected when plants were inoculated with 
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different inoculum levels of M.javanica. Number of nodules/ 
plant was reduced significantly even at the lowest inoculum 
level (10 larvae/kg soil). With an increase in the initial 
inoculum level, there was a correspondingly increased 
reduction in nodulation, 
Raut and Sethi (19S0) reported that there was 
progressive decrease in the growth of soybean plant and 
root nodulation with the increase in inoculum level of 
M.incognita in comparison to uninoculated check plants. 
The nodule reduction was noticed both in the summer and 
winter seasons, Ali e_t al.(1981) studied an antagonistic 
interaction between M,incognita and Rhizobium legumlnosorum 
on cowpea. They observed that M.incognita reduced nodulation 
and inhibited nitrogen fixation (about 63%) in the nodular 
tissue. Infected nodules contained different developmental 
stages of the nematodes, but the nematodes did not alter the 
structure of nodules. However, infected nodules deterio-
rated earlier than the uninfected ones. The nematode 
inoculation prior to rhizobia resulted in maximum reduction 
of nodules. Sharma (1984) observed greater reduction in 
the number of nodules when both the organisms (M.incognita 
and Rhizobium) were inoculated together or when the nematode 
had already established before the inoculation of Rhizobium 
as compared when Rhizobium had established before the 
introduction of nematodes. He suggested that the cause of 
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reduced nodulation was nutritional interference by the 
nematode infestation and overall reduction of root system. 
In a few cases, developing females were found in the nodular 
tissue. The nematode infection interfered with the symbiotic 
nitrogen fixation and reduced the nitrogen content of shoot 
and root, 
Oostenbrink (1955) noticed that pea plants infected 
with Heterodera goettingiana possessed few nodules and 
exhibited poor growth. However, application of nitrogen 
fertilizers' compensated for the reduced nodulation in 
nematode infected plants. Ichinohe (1955) reported that 
soybean plants infected with Heterodera glycines showed 
yellowing and growth stunting (yellow dwarf). The plants 
possessed more lateral roots without nodules than the 
healthy plants. Ross (1959) observed that sparse nodulation 
on non-fertilized soybean was probably due to the cyst 
nematode activity, and thereby, substantiating the earlier 
conclusion of Ichinohe and Asai (1956) and Jones and 
Moriarty (1956). 
Wardojo et_ a]^, (1963) reported that Heterodera trifolii 
plays a competitive role in reducing the number of nodules 
on white clover roots. Ross (1969) investigated that H.glycines 
affected the yield of non-nodulating soybean at different 
nitrogen levels and he found that besides reducing nodulation 
and nitrogen fixation, H.glycines caused reduction in yield 
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Dy inci"cing deleterious host responses that increased with 
nitrogen defici-ncy. 
Barker and Huisingh (1970) found 93-100?* inhibition 
or nodule- developmenx with simultaneous inoculation of H. 
glycines and Rhizobiurn japonicura. The nodular tissue was 
unsuitable for nematode development as syncytia failed to 
develop in nodular tissue although a few mature cysts 
developed on nodules. Barker e_t al_. (1971 ) observed that . 
development of H.glycines on nodulating and non-nodulating 
lines of soybean was reduced,especially on the former line, 
in the presence of Rhizobiurn japonicum, where nitrogen was 
not supplied to the plants. Lehman _et_ a]^. (1970) studied 
the effect of three„. races of Heterodera glycines (1, 2 and 
4 of Golden e_t al_. ,1970) and found that concomitant inocula-
tion of race 1 of H.glycines and R.japonicum showed reduced 
nodulation and nitrogen fixation at all inoculum densities 
(100, 200, 400 crushed cyst), whereas race-2 and race-4 
caused no significant reduction in nodulation except at the 
highest inoculum density. High population density of race-1 
caused severe reduction in nodulation and total nitrogen 
fixed per plant as compared to non-inoculated plants. 
KG e;t_ al_. (1984) applied a split-root technique on 
soybean cv. Lee 68 to characterize the nature of nodulation 
suppression by race-1 of the soybean cyst nematode, 
Heterodera glycines. Root-halves of each split-root plant 
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were inoculated with R.japonicum and the other root-halves 
were inoculated with different number of soybean cyst 
nematode eggs only. They suggested that nodulation and 
nitrogen fixing capacity were systemically and variously 
suppressed on both root-halves of the split-root plants 5 
weeks after half-root inoculation with 12,500 nematode 
eggs. Inoculation with 500 eggs caused this suppression 
only on nematode infected root-half and nodulation on the 
companion uninfected root-half was stimulated slightly. 
The nematode infected root-half inoculated with 5,000 eggs 
were excised at two weeks intervals, nodulation on remain-
ing uninfected root-halves was not different from that 
of the non-inoculated control when measured 6 weeks after 
the nematode inoculation. Thus systemic suppression of 
nodulation was reversible upon the removal of nematodes. 
Similarly, application of various levels of KNO^ to the 
uninfected root-halves of the split-root plant did not 
alleviate the suppressed nodulation on the companion nematode 
infected root-halves, even though plant growth was much 
improved at certain levels of nitrogen (125 ^ g N/g soil). 
This indicated that the localized suppression of nodulation 
by neif.atodes was caused by factor in addition to the poor 
plant growth, 
Taha and Raski (1969) examined the inter-relationship 
between root-nodule bacteria, plant parasitic nematodes and 
their leguminous host. They reported that inoculation of 
49 
white clover with Heterodera trifolii and M._javanica one 
week before, simultaneously or one week following inocula-
tion with Rhizobium did not hinder nodule formation. There 
was no significant difference in the size of nodules on 
nematode infected and nematode free plants. The structure 
of nodular tissue was not much disturbed by nematode infec-
tion, even though giant cells were formed inside the 
vascular bundles. Nitrogen-fixation ability of nematode 
was also not impaired. Sharma and Sethi (1976), on the 
other hand, showed that combined inoculation of M.incognita, 
Heterodera cajani and Rhizobium on cowpea adversely affected 
the root nodulation and nitrogen content of the plants. 
These nematode species could thrive well and complete their 
life cycle on nodular tissue. Meloidogyne incognita reduced 
nitrogen content to a greater extent than H.ca.jani, 
(ii) EFFECT OF SEMI-ENDQPARASITIC NEMATODES: 
Ayala (1952) reported that mature specimens of 
Rotylenchulus reniformis were found attached to the 
bacterial nodules. Gupta and Yadav (1979) studied the 
pathogenicity of reniform nematode, Rotylenchulus reniformis 
to urad.-Vigna mungo, and found that there was corresponding 
decrease in the number of nodules/plant with the increase 
in number of reniform nematodes. Meredith et al.(1983) 
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studied the parasitism of R.reniformis on soybean root 
Rhizobium nodules and suggested that R.reniformis parasitized 
the nodular tissues. The swollen posterior portion of the 
females and egg masses were found protruded from the root 
nodule surface. Section of nematode infected nodule showed 
that R.reniformis '^enetrated into the epidermis, nodule 
cortex and established permanent feeding site in the nodule 
endoderrais. R.reniformis infected soybean root nodules 
did not differ in size and shape from healthy ones. The 
necrosis induced by the nematode in the endodermal layers 
and also in nodule and root cortex predisposed the nodular 
tissues to the infections of other pathogen and their 
consequent premature breakdovvn took place, 
(iii) EFFECT OF MIGRATORY ENiX)PARASITIC NEKATQDES : 
Romaniko (1958) observed that Pratylenchus penetrans 
parasitized the nodules of peas, beans, vetch, pea vine, 
alfalfa and red clover. In a later publication he (1961) 
reported that P.globulicola also caused early destruction 
of nodules in peas, alfalfa and clover plants. German! 
e_t al_. (1984) investigated that infestation of soybean by 
P.safaensis Fortuner,1973 reduced nodulation and nitrogen 
content. They suggested that harmful effect of P.safaensis 
is comparable to that of cyst or root-knot type nematodes 
as reported by Epps and Chambers (1962). Green (1984) 
studied that in vitro conditions, cyst nematodes, 
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Pratylenchus thornl and Ditylenchus dipsacl inactivated 
the nodules so that fully formed nodules lacked haemoglobin 
on pea plants. The plants.compensated by developing extra 
nodules giving apparent increases in nodulation. 
(iv) EFFECT OF ECTOPARASITIC NEMATODES : 
Germani £t al,(1981) reported that Scutellonema 
cavenessi Sher,1963g significantly affected growth and 
nitrogen fixation of infected soybean plants as compared 
to uninoculated plants. 
(v) -EFFECT OF SEDENTARY ENDQPARASITIC. AND ECTOPARASITIC 
NEMATODES : 
M^lek and Jenkins (196A) reported that M.hapla, 
M..1avanica. Trichodorus christiei and Criconemoides curvatum 
apparently interfered directly with the establishment of 
nodule forming bacteria either by mechanically destroying 
the root hair, the infection sites, or changing the physio-
logy of roots and thus rendered the roots incompatible to 
rhizobial infection. 
(vi) EFFECT OF SEDSNTARY-ENDOPARASITIC, MIGRATORY ENDQ-
PARASITIC AND EMDQPARASITIC NEMATODES : 
Most of the investigations have dealt with the 
suppression or inhibition of nodulation by plant parasitic 
nematodes. However, stimulation of nodulation on leguminous 
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plants by pathogenic nematodes has also been reported 
(Hussey and Barker,1975). They studied the influence of 
M.incognita, M.hapla, Pratylenchus penetrans and 
Belonolaimus longicaudatus on nodulation of soybean, 
Meloidogyne incognita, M.hapla, P.penetrans stimulated 
nodule formation and growth of soybean. Belonolaimus 
longicaudatus, on the other hand, slightly inhibited 
nodulation whereas plants inoculated with B.longicaudatus 
and P.penetrans had more nodules than nematode free plants 
but had an adverse effect on nitrogen fixation. Nodules 
were small and less efficient in fixing nitrogen and 
were frequently found on the surface of root-knot galls, 
Q 
Meloidogyne species developed more readily within nodular 
tissues of soybean without destroying their structural 
integrity. However, bacteroides did not develop adjacent to 
nematodes. 
INTER-RELATIONSHIPS BET^ /EEN FUNGI AND ROOT-NODULE BACTERIA : 
Not much literature is available on the'inter- . 
relationships between fungi and root nodule bacteria. 
Twng-Wah and Howard (1969) investigated the role of nodule 
forming Rhizobium japonicum as potential antagonist to 
Fusarium oxysporum on soybean. Since growth of Rhizobium 
is sensitive to acidity, pH was chosen as a major environ-
mental variable. Substrates buffered at pH 5.2 permitted 
severe root cortex necrosis by Fusarium, sparse rhizobial 
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nodulation and no nodulation when Rhizobium and Fusarium 
inocula were adaed ^ simultaneously. At pH 7.0-7.6 rhizobial 
nodulation was good, root-rot was severe with Fusarium alone, 
but reduced to a trace or none in seedlings exposed concu-
rrently to both organisms, F.oxysporum with R.japonicum 
slightly reduced nodulation when compared with Rhizobium 
alone. Drapeau jet al_. (1973) studied the antifungal activity 
of three Rhizobium isolates against eight different fungi. 
They observed that six fungi viz, Fusarium melanochlorum 
(Casp.) Sacc, Pyrenochaeta terrestris (Hansen) Gorenz, 
Walker and Larson, F.culmorum (W.G.Sm.) Sacc, Colletotrichum 
destructlvuro O'Cara; Phytophthora cactorum (Leb and Cohn) 
Schroet and Coniothyrium sp, Corda were inhibited by 
Rhizobium while the growth of remaining tv/o fungi viz, 
Rhizoctonia solani and Pythium ultimum Throw, was not 
affected. Some of these fungi are potential phytopathogens 
on legumes. Gupta (1974) studied the effect of rhizosphere 
fungi on nodulation and found that all the test fungi 
(Alternaria tenuis Hees, Aspergillus luchuensis Inui, 
A.nidulans (Eidam) Winter, A.niger Van Tieghem, 
Gunninghamella echinulata Thaxter, Curvvlaria lunata (Walker) 
Boedijn, Cladosporium herbarum (Persoon) Link, Chaetomium 
sp. Kunze and Schmidt, Helminthosporium sativum Pammel, 
King and Bakke, Mucor luteus Linnemann, Paecilomyces 
fusisporus Saksena, Penicillura javanicum Van Beyma, P.citrinum 
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Thorn, Rhlzopus ni.?ricans Ehrenberg, Syncephalastrum racemosum 
(Cohn) Schroeter, Thielaviopsis sp. Went and Trichoderma 
lignorum (Tod) Harz either individually or concomitantly, 
v/hen mixed with sterilized soil, reduced the number of 
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nodules in comparison to control. However, M.luteus, 
A.niger, A.nidulans and Thielavia terricola (Gilman and 
Abbott ) Emmons showed maximum inhibitory effect on nodulation, 
He, further, reported that inhibition may be due to the 
secretion of toxic substances in the soil which indirectly 
reduced number of nodules, Ghou and Schmitthenner (1974) 
suggested that more soybean plants were killed by 
Phytophthora megasperma var, sojae in sterile soil than when 
tested in combination with Endogene mosseae and Rhizobium 
japonicum. They concluded that these two 'organisms may have 
a suppressive effect on root-rot severity, 
V 
Orellana and V/orley (1976) observed that inter and 
intracellular penetration by Rhizoctonia solani hyphae of 
young functional root-nodules of soybean inoculated with 
Rhizobium Japonicum was restricted to the outer cortex, 
penetra'.ion of the central tissue may have been impeded by 
a layer of sclerenchyma. Infected nodules also contained 
low concentrfjtion of leghaemoglobin. Dysfunction in young 
nodules grov/n in the presence of R.solani may be due to toxic 
metabolites diffusing throughout the nodules. Such 
dysfunction interfered v/ith nitrogenase and symbiotic 
nitrogen fixation activities. Orellana e_t al.(l976) 
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investigated that R.solani significantly reduced the nodule 
weight of Lee and Kent soybeans inoculated with Rhizobium 
.iaponicum and gro\\'n in a N-free sand nutrient substrate 
as compared to plants grown with Rhizobium alone. 
Tu (1978) reported that in a glass house experiment 
the severity of root-rot caused by Phytophthora megasperma 
Drechs. was lessened when rhizobia were applied immediately 
after planting of soybean"plants. At a given concentration 
of P.megasperma, root-rot severity decreased when the con-
centration of Rhizobium in the soil increased. Thin sections 
of hyphae contaminated with rhizobia shov/ed the consistent 
bacterial presence inside the hyphae. These observations 
indicated that rhizobia living saprophytically in soil may 
reduce the root-rot by parasitizing hyphae of the fungus. 
Again, Tu (1980) investigated that at a given concentration 
of Rhizobium the severity of root-rot increased with the 
increase in concentration of root-rot fungus, tlowever, at a 
given fungal concentration, increasing concentrations of 
rhizobia decreased the degree of root-rot. He concluded 
that rhizobia protected alfalfa from winter kill by reducing 
the severity of root-rot and increasing total nitrogen content 
in alfalfa. Rhizobial protection was accomplished by early 
inoculation, Sawada (1982 and 1983) observed root discoloura-
tion and poor rhizobial nodulation of lucerne seedlings when 
th" soil was naturally infested with rhizobia and Fusarium 
oxysporum. The severity of root-rot was less on nodulated 
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seedlings than on non-nodulated ones when inoculated with 
Rhizobium melioloti and F.oxysporum. In vitro hyphal growth 
of F.oxysporum was suppressed by multiplication of R.melioloti 
in a mixed culture. 
Gray and Hine (1976) observed that in pasteurized 
field soil, artificially infected with Phytophthora megasperma, 
death of alfalfa seedlings was 2h% higher when seeds were 
bacterized with Rhizobium meliototi than of seedlings 
obtained from unbacterized seeds. Increases in seedling 
death were not observed when treated or untreated seeds were 
planted in field soil naturally infested with P,megasperma 
and R.melioloti. The nodules might have affected the host 
defence mechanism in such a way that normal mechanisms for 
limiting fungal activities were altered. Beagle-Ristaino 
and Rissler (1983) reported that Phytophthora root-rot of 
soybeans caused by P.megasperma Dreschse. f.sp. glycinea 
(Kuan and Erwin) is more severe on susceptible plants 
(Harosoy) nodulated by Rhizobium japonicum than on plants not 
nodulated. However, disease severity of inoculated resistant 
plant (Harosoy 63) did not differ v/ith or without nodulation. 
The P.megasperma f. sp. glycinea inoculated Hprospyplants had 
fewer nodules than did uninoculated Harsoy and Harosoy-63 
plants, the fungus colonized the nodules of Harosoy but not 
Harosoy-63 soybeans. The lov/er root-nodule scores of fungus 
inoculated Harosoy plants might have been the result of 
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destruction of both roots and root nodules by the fungus. 
Infected nodules were dark brown and often collapsed, 
Zambolim and Schenk (1984) found that the number and 
weight of Rhizobium japonicum nodules were reduced due to 
infection of Macrophomina, Rhizoctonia and Fusarium in soybean, 
but increased considerably in the presence of Glomus mosseae. 
Infection and disease intensity were, however, not significantly 
affected. There were no differences in growth response to 
G.mosseae and the pathogens between nodulated and non-nodulated 
plants. 
NEMATODE RACES : 
It is now a common knowledge that different popula-
tions of a single species from different habitats and occurring 
in different geographical regions may often show differences 
in their biology, ecology and physiology, Ritzema Bos (1888) 
was, probably, the first to report that populations of 
Ditylenchus dipsaci collected from different plants showed 
host preferences and variation in pathogenicity. Such popu-
lations have been designated differently such as races, 
strains, biological races, biotypes or pathotypes etc. and 
the phenomenon as physiological specialisation. The knowledge 
about biological races in nematodes has greatly increased in 
the last 85 years and physiological variation has been 
observed in a considerable number of phytoparasitic nematodes 
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e.g. Ditylenchus dipsacl, D.destructor, Aphelenchoides 
ritzema-bosi, A.fragariae, Radopholus simllis, Rotylenchulus 
renlformos, Tylenchulus semjpenetrans, Belonolaimus longi-
caudatus, and several species of the genera Meloidogyne, 
Heterodera, Globodera and Pratylenchus etc. 
A knowledge about the occurrence of biological 
races in plant parasitic nematodes is essential and basic 
to studies of host-parasite relationships and to the success 
of plant breeding programmes for disease resistance. 
Increasing evidence indicates that every local population 
has a considerable amount of genetic variability according 
to host specificity. The results obtained with one popula-
tion of an species should, therefore, be cautiously attributed 
to the other population of the same species. This situation 
has created problems for the taxonomists, plant breeders 
and other investigators because certain morphologically 
indistinguishable populations of a nematode species often 
produce different reactions on the same host. Thus,occurrence 
of intraspecific variations hamper our efforts to control 
plant parasitic nematodes through breeding resistant varie-
ties and by crop rotation. 
pathogenic variations among populations of 
Meloidogyne spp. is also not uncommon. Christie and Albin 
(1944) and Christie,* and. Havis (1948) experimentally demons-
trated the existence of races of Heterodera marioni (earlier 
59 
name of root-knot nematodes) and provided a basis on which 
Chitwood (1949) reclassified the group into the genus, 
Meloidogyne, 
Early evidence of the variations within different 
M.incognita acrita populations was provided by Allen (1952), 
He found that several populations of this species collected 
from cotton in California displayed a wide diversity in 
host plant specificity. Similar were the results of Martin 
(1954) who found that the cultures of M.incognita and 
M.incognita acrita from different cultivars of cotton 
showed ranges from no parasitism to severe pathogenicity. 
Lider (1954) reported considerable variability in the 
reaction of two species of Vitis to different collections 
of M.incognita acrita and indicated existence of racial 
differences in the ability to attack Vitis species. 
Sasser (1954) showed that there were one or more 
crop plants which were not attacked by some root-knot 
nematode species and that the non-hosts varied with the 
nematode species. This observation made available a set 
of differential hosts for use in separating the species 
and their races based on host reaction. Sasser & Nusbaum 
(1955) observed that a population of M.incognita acrita 
that attacked cotton severely was unable to attack tobacco 
whereas another population from the neighbouring plots 
attacked both. Colbran (1958) recognized distinct 
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physiological races in M.arenaria, M.hapla, M,incognita and 
M..1avanica. Goplen £t al_. (1959) tested 20 collections of 
root-knot nematodes on five alfalfa cultivars and identified 
three biotypes of M.incognita acrita and two each of M.hapla 
and M.javanixa. 
Sasser (1972) studied reactions of 11 populations of 
M.incognita, 15 populations of M..iavanica and 10 populations 
each of M.hapla and M.arenaria. None of the 11 M.incognita 
populations from Asia,Africa and America (North and South) 
reproduced on peanut or strawberry but all of them reproduced 
on watermelon and sweetpotato. Only one population (collected 
from Peru) reproduced on tobacco NC-95 but failed to 
parasitize pepper. Two populations each from Peru and U.S.A. 
and one from Ivory Coast reproduced on' cotton moderately but 
another two populations (one each from U.S.A. and Belgium) 
reproduced only lightly whereas four populations'(one each 
from Greece and Nigeria and two from Taiwan) failed to develop 
on cotton. 
Southards and Preist (1973) collected 17 isolates of 
M.incognita from different localities of Tennessee (U.S.A.) 
and studied their reaction on tomato (Rutgers), tobacco 
(NC-95), cotton (Mc Nair 1032), Watermelon (Dixie Queen), 
pepper (California wonder) and Cowpea (Line M57-13N), They 
differentiated six physilogical races on the basis of host 
reactions of each race. Taylor and Sasser (1978) gave a 
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modified series of differential hosts for the identification 
of four common species of Meloidogyne and their host races 
on the basis of their reaction on the six differential host 
test plants viz. tomato (Rutgers), pepper (California Wonder) , 
tobacco (NC-95), Cotton (Deltapine-16), peanut (Florrunner) 
and Watermelon (Charleston Gray). They observed that peanut 
and watermelon plants were not attacked by M.incognita and 
M.hapla populations respectively while cotton was non-host 
for M.napla, M.arenaria and M..1avanica. Analysis of their 
data revealed the existence of 4 races of M.incognita, 2 of 
M.arenaria and one each of M..1avanica and M.hapla. They 
found that race-1 of M.incognita was not pathogenic on cotton, 
tobacco and peanut, race-2 failed to develop on cotton and 
peanut while races 3 and 4 were non-pathogenic to tobacco 
and peanut and only peanut respectively. Of the 250 popu-
lations of root-knot nematodes they studied, 150 (60%) 
were identified as M.incognita, 60 (24%) as M..-1avanica, 
22 (8.8%) M.hapla and 14 (5.6%) as M.arenaria. Frequency of 
occurrence of M.incognita races 1,2,3 and 4 in the agricultural 
areas has been reported to be 71, 12, 15 and 2 percent 
respectively (Hartman and Sasser,1985). Eissa (1982) reported 
predominance of the occurrence of race-2 of M.incognita in 
the kingdom of Saudi Arabia. 
There appear more chances of variability within the 
different Indian populations of M.incognita because of the 
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great diversity in agroclimatic conditions, different 
cropping patterns and agricultural practices prevalent in 
the country but there is still little information about 
the occurrence and distribution of physiological races of 
M.incognita in India, Raja and Gill (1982) studied five 
populations of M.incognita collected from Delhi, Jabalpur, 
Kanpur, Kayangulum and Udaipur. They found these populations 
identical to race 1 and race-2, Routary and Das (1982) 
studied 11 populations of M.incognita collected from 
Bhubaneswar and Cuttack and identified them to belong to 
race 1 and 2, They observed race-1 infection on Basella 
alba, Cucurbita pepo and Momordica charantia plants collected 
from students' plot, college of Agriculture, Bhubaneswar, 
Unit VIII Bhubaneswar and Haripur, Cuttack respectively. 
Meloidogyne incognita race-2 was found attacking Solanum 
melongena, Vigna radiata, Lycopersicon esculentum, Musa 
paradisiaca, Abelmoschus esculentus, Vigna sinensis, Cucumis 
sativus and Luffa acutangula plants that were collected from 
students' plot of college of Agriculture, Bhubaneswar, 
Birobati; Cuttack; Birobati, Cuttack, Orissa University of 
Agriculture and Technology (O.A.U.T.) Orchard, Bhubaneswar, 
Research plot (Entomology), Unit IV Bhubaneswar, students' 
plot of college of Agriculture Bhubaneswar and Balipatna, 
Bhubaneswar respectively. Krishnappa and Setty (1983) studied 
127 populations collected from different regions of Orissa 
and Karnataka. They reported that 86 (67.7%) belonged to 
race-2 and only 10(7.9%) to race-3. They further noted that 
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all 33 populations from Northern, North-Eastern and. Eastern 
Coastal zones were comprised of race-1, Out of 10 popula-
tions from the deep Southern zone, 9 belonged to race-1 
and only 1 to race-3. Amongs the 84 populations from Karnataka 
zone, 44 (52,4%) belonged to race-1, 34 (36.9%) to race-2 
and 9 (10«7%) to race-3. Race-1 was found to occur in all 
the zones, race-2 was confined to Karnataka while race-3 was 
present in Karnataka and deep Southern zone. 
Information is meagre on the occurrence and distri-
bution of reniform nematode races. Birchfield and Brister 
(1962) reported that different races may exist in reniform 
nematode populations. Zuckermann et al.(1971) suggested 
existence of physiological variations on the basis of host 
preferences. Dasgupta and Seshadri (1971) collected 10 
populations of R.reniformis attacking different crops viz. 
grapevine, citrus, castor, castor, coffee, pineapple, cotton, 
cotton, grapevine and grapevine in Andhra Pradesh, Maharastra, 
Haryana, Delhi, Mysore, Mysore, Tamil Nadu, Tamil Nadu, Tamil 
Nadu and Andhra Pradesh respectively. They reported that out 
of 10 populations, 9 successfully reproduced on cowpea, castor 
and cotton. They designated this population as race-'A' and 
the 10th population from Andhra Pradesh, which reproduced 
only on cowpea but not on castor and cotton was designated 
as race-B. It indicates that at least two races of 
R.reniformis occur in India. 
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SCREENING TEST 
One of the most economical and effective ways to 
control plant diseases caused by fungi, bacteria and plant 
parasitic nematodes is through growing resistant plant 
cultivars which decrease yield losses, increase profits 
and result in more production of food and fiber. Unlike 
chemical methods, nematode management with resistant culti-
vars requires no special equipment or extra capital invest-
ment by growers. The recognitation of races within species 
of some of the most important plant parasitic nematodes 
such as root-knot and cyst nematodes etc, opens new areas 
for research. Many, if not all of the cultivars already 
reported to have some resistance value will have to be 
re^ e^valuated because previously reported resistance may be 
race specific. 
Amongst root-knot nematodes,M.incognita is the most 
common pathogenic species on cowpeas,but they are also 
infected by M..1avanica and M.arenaria. Toler^ et_ al.(1963) 
and Dukes £t al.(1979) have reported 5-69% loss in crop 
yields of cowpeas due to M.incognita infection. Even then, 
there is no paucity of resistance to root-knot nematodes 
in cowpeas. Interestingly, the cowpea was one of the first 
crops in which natural resistance was observed by Webber 
and Orton (1902) while screening cowpea varieties for 
Fusarium wilt in South Carolina. They observed that the 
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cultivar 'Iron' was completely free of root-knot galls 
while other cultivars in the same field had been completely 
devastated by the nematode. Later, the feasibility of 
breeding for resistance to root-knot was first demonstrated 
by Orton (1913). 
Several cultivars such as 'Iron', Brabham', 'Catjang', 
'Columbia', 'Conch', 'Early black', 'Virginia Black eye' 
and 'Calva' were found to possess resistance against California 
populations of root-knot nematodes (Kendrick,1929). Hawthorne 
(19^3) developed several nematode resistant strains of cowpea 
suitable for cultivation in Louisiana state of U.S.A. Hare 
(1959) reported 'Iron' and four breeding lines to possess 
multiple resistance against the most commonly occurring 
species of Meloidogyne namely M.incognita, M.incognita acrita, 
M.javanica and M.arenaria. Thomason & McKinney (I96O), 
on the other hand, could not confirm the high resistance 
of Hare's breeding line M 755 (Mississippi Silver ) to 
M.incognota acrita or to M.javaruca. According to Chaudhury 
£t al_. (1969) Mississippi Crowder, a root-knot susceptible 
variety, was found to be highly resistant to a mixture of 
M..1avanica, M.incognita and M.arenaria. Similarly, Mathur 
et al.(1973) found a wide range of variability in suscepti-
bility of cowpea lines to M.javanica and M.incognita. 
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Although resistance is a characteristic of host plant 
governed by it's morphology, physiology, biochemistry and 
genetics but environmental factors such as temperature, 
moisture, pH, soil type, soil fertility and presence or 
absence of other microorganisms may alter symptom expression 
of plants and development of the nematodes (Dropkin,1963, 
69; Holtzmann,1965).• Thus, it is likely that a plant 
species or a variety may be susceptible or resistant under 
one set of environmental conditions but may not show similar 
reaction in anothei* set of environmental conditions 
(Eissa,1981). The age and vigour of plants are also known 
to influence the resistance and susceptibility (Wong and 
Mai,1973; Masood and Husain,1975a,b; OgbuJi,1976). 
Different collections of nematodes of a single species may 
vary in pathogenicity and a plant which is resistant to one 
species or biotype may be susceptible to others. 
Several studies on the cowpea resistance to root-
knot nematodes have been carried out in Nigeria. Singh et al. 
(1975) reported the cultivar 'Vita-3' as resistant to 
M.incognita. Caveness (1975)-, while evaluating 241 lines for 
resistance to M.incognita, found only four lines resistant 
and 48 segregating for root-knot resistance. Amosu (1974) 
and Ogbuji (1978), on the other hand, found resistance to 
M.incognita in 33 out of 77 cultivars and 41 out of 103 
cultivars of cowpea respectively. According to Amosu (1974). 
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Mississippi Silver', Brabham 892 Atan% and 'California 5A' 
were resistant to M.incognita. It is believed that resis-
tance to root-knot nematodes is simply inherited and 
dependent on single dominant gene (Mackie,l939; Hawthorne, 
1943; Jones and Isbell,1956; Hare,1959; Amosu and 
Franckowiak,1974; 0gbuoi,1978; Fery and Dukes,1980). 
Varietal screenings for locating resistance in 
cowpea cultivare against root-knot and reniform nematodes 
and the -root-rox fungus, Rhizoctonia solani have been 
recently carried out by several workers in India also 
(Mathur et al.,1973; Patel £t al.,1977; Darekar and Patil, 
1981; Varshney,1982; Thakar and Patel,1984). 
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NEMATODES AS BREAKERS OF DISEASE RESISTANCE : 
Many of the early observations on nematode-bacterial 
and nematode-fungal interactions sprang from the puzzling 
breakdowns of resistant varieties (Hunger,1901; Sasser et al., 
1955; Jenkins and Coursen,1957). This phenomenon differs 
a little from the aggravation of the disease on susceptible 
or tolerant varieties. In addition to the effects on 
pathogens external to the host, nematodes influence the 
susceptibility of host tissues for invasion and for support 
of growth of other pathogens. 
Young (1939) and Harrison and Young (1941) reported 
that the resistance of tomato varieties to Fusarium wilt 
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was greatly decreased by the root-knot nematodes. Jenkins 
and Coursen (1957) studied the interaction between 
Meloidogyne incognita acrita or M.hapla and Fusarium sp. 
They reported 10096 wilting in Fusarium wilt resistant tomato 
variety "Chesapeak" in the presence of M.incognita acrita 
while only 60% in the presence of M.hapla. Thomason (1958) 
observed an increase of Fusarium wilt of cowpea caused by 
F.oxysporum f, tracheiphilum (E.F.Sm.) Snyder and Hansen 
both on susceptible variety "Chinoz" and resistant variety 
"Grant" in the presence of M.javanica. Subsequently, 
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Thomason _et al. (1959) also noticed that presence of 
M.javanica not only broke the resistance of cowpea variety 
"Grant" of F.oxysporum f, tracheiphilum but also increased 
the wilt = more than.:in the susceptible variety "Chinoz", 
Laibruyere _et al. (1959) observed that "Early yellowing" and 
root-rot of pea was dependent upon the presence of both, 
Hoplolaimus uniformis Thome, 19^9 and F.oxysporum f, pisi 
(Linford) Snyder and Hansen. Davis and Jenkins (1963) noted 
that M.incognita and M.hapla broke the resistance of pea 
variety "Alaska" to F.oxysporum f. pisi race I. 
Summer and Johnson (1973) investigated the effect 
of root-knot nematode on Fusarium wilt of watermelon caused 
by F.oxysporum f. niveum (E.F.Sm.) Snyder and Hansen and 
found that wilting was more severe in the presence of 
M.incognita. They also reported that wilt symptoms were more 
destructive than in susceptible cultivars. Pitcher (1974) 
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observed breaking of resistance when he inoculated a moderately-
resistant tomato variety "Pearson VFII" with both M..-)avanica 
and F.oxysporum f. lycopersici (Sacc.) Snyder and Hansen. 
Menezes and Balmer (1974) demonstrated that pea, bean, 
soybean and tomato plants, when grown in root-knot infested 
soil, became susceptible to F.oxysporum f. vasinfectum 
(Atk.) Snyder and Hansen. 
Melendez and Powell (1967) reported that galled 
tissues of both resistant and susceptible varieties of flue-
cured tobacco were more favourable sites for penetration 
and extensive development of fungal hyphae of F.oxysporum f, 
nicotianae Johnson. Bowman and Bloom (1966) observed that 
relationship of M.incognita to the breaking of resistance 
to Fusarium wilt was indirect in tomato and concluded that 
M.incognita probably changed the host physiology to make it 
more susceptible to Fusarium wilt. Hirano and Kawamura 
(1972) found that the presence of M.incognita allowed the 
penetration of F.oxysporum f. lycopersici and F.oxysporum f. 
niveum even in non-host plants. Kleineke-Borchera and 
Wyss (1981) reported physiological changes in Fusarium 
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susceptible and resistant tomato varieties after infection 
by M.incognita. Stimulation of mycelial growth was more 
pronounced in the susceptible than in the resistant plants 
and stronger in roots than in shoots. They concluded that 
after infection of M.incognita there was an enrichment of 
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carbohydrates, especially the reducing sugars viz. glucose 
and fructose as well as free amino acids in the roots but 
less in shoots. This may possibly be the reason for 
inducing susceptibility. Kassim (1980) observed that 
Verticillium-Fusarium resistant tomato variety "CalAceVF" 
lost its resistance in the presence of M..1avanica parti-
cularly when the nematode preceded fungus inoculation. 
Sasser £t al.(1953,1955) reported that the presence 
of root-knot nematode reduced the resistance in tobacco 
varieties to black-shank fungus,Phytophthora parasitica 
Dastur var. nicotianQ.e, Tucker, causing the wilt in addition 
to root decay. Presence of Pratylenchus penetrans increased 
the verticillium wilt of potato even on resistant varieties 
(Morsink and Rich,1958; Krikun and Orion,1977). 
Minton and Jackson (1967) reported that the presence 
of M.arenaria and M.hapla enhanced the invasion of 
Aspergillus flavus Link' on peanut. Goswami £t al.(1970) 
found that interaction between M.Incognita with Sclerotium 
rolfsii ;Saccardo showed a high degree of synergism in wilting 
of brinjal plants. They observed that fungus-nematode 
interaction caused 259^  wilting as compared to 6,25% in the 
presence of S.rplfgii alone. Powell (1971 a,b) reported 
that M.incognita infection predisposed flue-cured tobacco 
roots to P.ultimum. The fungus, more readily colonized the 
galled tissues and the root damage was more when nematode 
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preceded the fungus inoculation. Powell et al.(1971) 
reported an interaction between soil inhabiting fungi viz. 
Pythium Pringsheim, Curvularia Boedijn, Botrytis Micheli, 
Aspergillus (Micheli) Cords; Penicillium Link and 
Trichoderma (Persoon) Harz on flue-cured tobacco cultivar 
C-315 (Susceptible to root-knot nematode). Roots showed 
necrosis when infected with M.incognita and any one of 
the above mentioned fungi but severe necrosis occurred when 
nematodes preceded the fungus by several weeks. None of the 
fungi induced disease in the absence of M.incognita. This 
indicates that weak pathogens may also become pathogenic in 
the presence of nematodes which may act as predisposing 
agents. 
On the other hand, there are also some reports that 
resistance of plants to pathogens may persist even under 
raultipathogenic condition. Johnson and Littrell (1969) 
noticed that presence of M.incognita, M.javanlca or M.hapla 
failed to break the disease resistance of chrysanthemum 
variety "Iceberg" resistant to Fusarium wilt. However, 
their presence enhanced wilting in susceptible variety 
"Yellow Delaware". Adeniji (1977) studied an interrelation-
ship of H.glycines and Phytophthora megasperma Drechs.var, 
sojae Hild (Pms) on soybean and found that the two pathogens 
together caused more severe disease symptoms on Pms suscepti-
ble cultivars "Corsoy and Dyere" than caused by either 
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pathogen singly, while Pms-resistant cultivar "Harosoy-63" 
did not develop any symptoms even in the presence of both 
the pathogens. Carter _et a]^. (1977) reported that the 
reduction in dry weight of shoot was 9, 16 and k7% when 
inoculated with the nematode, M.incognita,, and fungus, F. 
oxysporum f, lycopersici alone and in combination with 
nematode and fungus respectively in the susceptible cultivar 
of tomato "Improved Pearson", while such reduction was not 
observed in the resistant cultivar "Pearson VF". Griffin 
and Thyr (1978) observed that inoculation of 14 days old 
seedlings with M.hapla followed by F.oxysporum after 30 days, 
there was significant reduction in the growth of plants of 
susceptible variety and not of the resistant variety. 
There are also reports that nematode-nematode 
interaction break the resistance response of plants. Johnson 
and Nusbaum (1970) reported that mixed inoculation of 
M.incognita and Pratylenchus brachyurus resulted in a 
significant increase in population of the latter on a 
resistant variety of tobacco. Prior infection by Ditylenchus 
dipsaci on a root-knot resistant cultivar of alfalfa reduced 
the resistance to M.hapla (Griffin, 1972). Paez _et al. (1976) 
observed that the concomitance of M.j.ncognita and M..1avanica 
brought about significant growth reduction of tobacco 
cultivars "NC-95 and Hicks" but either of them separately 
caused no growth reduction. Griffin (1980) noticed that 
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simultaneous inoculation of alfalfa "Nevada" (resistant to 
M.hapla and D.dipsaci) with M.hapla and D.dipsacl failed to 
break the resistance. Prior inoculation of "Vernal-298" 
(resistant to M.hapla but susceptible to D.dipsaci) seedling 
with D.dipsaci increased the galling caused by M.hapla and 
prior inoculation of "Lahontan" (resistant to D.dipsaci but 
susceptible to M.hapla) with M.hapla increased it's suscep-
tibility to D.dipsaci. Similarly, M.arenaria or M.hapla 
reduced resistance in tobacco cv, NC-95 to M.incognita race-1, 
but M.javanica or M.incognita race-4 had no effect 
(Eisenback,1983). 
BIOLOGICAL CONTROL 
Over the past several years there has been an 
strong movement to determine the capacity of a number of 
opportunistic soil fungi to parasitize females and eggs 
of endoparasitic nematodes (Korab,1929; Goffart,1932; 
Rademacher and Schmidt,1933; Rozypal,1934; Van Der Laan, 
1953 and 1956). The impetus behind this movement has been 
largely due to the general awareness about the dangers 
inovlved in the frequent and extensive use of toxic pesti-
cides, the time required for the development of resistant 
cultivars, and the economic pressure on land use which 
limits the use of rotation and other cultural methods for 
the control of nematodes. The fact that many of the most 
commonly used nematicides are expensive,persist longer in 
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the soil, contaminate ground water and have harmful effect 
on human beings, encouraged the scientists to look for 
alternative means of controlling nematode diseases. 
Parasitism of females of the cyst forming nematodes by a 
fungus was first recorded by Kuhn in Germany in 1877. He 
identified a fungus, Tarichium auxiliare, parasitizing beet-
cyst nematode, Heterodera schachtii, A century later this 
fungus was redescribed as Catenaria auxilaris after it was 
found to produce posteriorly uniflagillate Zoospores (Tribe, 
1977). 
Several fungi, predacious nematodes, bacteria, 
viruses,rickettsias and sporozoans are now known to reduce 
nematode populations under laboratory and green house condi-
tions but the results of field trials have been inconclusive 
and in most cases, disappointing (Mankau,1980; Tribe,1980), 
During the last 10 to 15 years the scientists have 
shown increasing interest in the study of fungi that parasi-
tize plant parasitic nematodes, particularly the members of 
Heterodera and Meloidogvne. A' number of these fungi have 
been found capable of parasitizing the two long lasting 
stages in the nematode life cycle i.e. the sedentary female 
and the eggs. 
The majority of eggs of Meloidogyne incognita acrita 
on potato roots collected by Jatala et al.(1979) near Huanuco, 
Peru, were found infected with a fungus, Paecilomyces lilacinus 
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(Thorns) Samson. When the fungus was inoculated into 
nematode infected potato plants it invaded the egg masses 
of Meloidogyne and the cyst of Globodera pallida in 10-12 
days, grew rapidly and eventually destroyed the embryo. 
Penetration of mature Meloidogyne females generally occurred 
through the anus or vulva. In the cysts of G.pallida, the 
fungus penetrated through the vulva and the broken or 
exposed neck region. In subsequent field experiments the 
potential of P.lilacinus for controlling M.incognita on 
potatoes was assessed. Jatala £t al.(I98O) reported that 
plants grown in plots inoculated with the fungus had 
significantly lower root galling index then those grown in 
plots applied with organic matter and nematicides. Root 
galling index of plants grown in plots treated with Temik 
was significantly lower than those grown in plots treated 
with other nematicides (Nemacur, Furadan). There were 
no differences in root-galling index of the plants grown 
in plots treated with Furadan, organic matter and those of 
the control plots. Eighty six percent of egg masses collected 
from the roots of fungus-treated plots were infected with 
P.lilacinus, and 5^,7% of the eggs within these egg masses 
were destroyed. Similarly, farm trials were carried out at 
seven different farmer's fields in the coastal region of 
Peru. Consistent results indicating the potential of 
P.lilacinus as an alternative to nematicides were obtained. 
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The fungus significantly reduced the root and tuber galling 
due to Meloidogyne infection. An investigation on the 
effect of multiple applications of the fungus showed that a 
one-time introduction was sufficient for its establishment 
and to bring about substantial nematode control (Jatala, 
_et al.. 1981). Franco et al. (1981) further studied the 
effect of P.lilacinus on the multiplication rate of 
Globodera pallida under laboratory conditions and reported 
that the percentage of infected eggs increased as the time 
of exposure to fungus increased. There was stimulation 
of hatching for upto 25 days after which the reduction in 
hatching rate was correlated with the increased infection 
of eggs by P.lilacinus. Dunn et al., (1982) studied the 
ability of three strains of P.lilacinus to colonize eggs 
of M.incognita in vitro, A fourth strain, isolated from 
sclerotia of Sclerotinia minor buried in agricultural soil 
in Mexico, proved ineffective in this regard. Isolates 
penetrated the eggs by hyphal penetration of their encasing 
shells. When a hyphal tip came into contact with an egg 
surface, some swelling was apparent distally, which can be 
referred to as an appressorium. The hyphae were said to 
proliferate within the eggs and to eventually re-emerge. 
A fungus, morphologically closely similar to P.lilacinus, 
recently described as new species, P.nostocoides Dunn, has 
been found capable of colonizing eggs of Heterodera zeae 
Koshy, Swarup and Sethi,1971, in vitro in the same manner 
(Dunn,1983). 
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An experiment was conducted iii vitro by Morgan-
Jones ejt al. (1984) to evaluate the ability of P.lilaclnus 
to parasitize the "^ ggs of M.arenarla. Fungal hyphae readily 
penetrated the egg shell through small pores In the 
vitelline layer. Invaded eggs became swollen as a result 
of change In the shell permeability. It was observed that 
after penetration the hypha enlarged, crushed the chltin 
and lipid shell-layers in its immediate proximity, permeated 
the egg content, including developing larvae whose cuticle 
got disrupted. Endogenous hyphae re-emerged by tearing the 
egg-shell and produced conidiophores bearing chains of 
conidia on shell surface. Disorganization of the larval 
cuticle occurred and larvae became necrotic. Noe and 
Sasser (1984) reported that treatment with P.lilaclnus 
increased the yield of tomato and okra plants infected with 
M.incognita in comparison to untreated treatments. They, 
further,noted that the population densities of M.Incognita 
juveniles were lower in mid-season and the beginning of 
next growing season in the treated plots. 
Dube and Smart (1984) suggested that increase in 
yields of Rutgers tomato, NC 2326 tobacco and California 
wonder pepper plants infested with M.incognita and development 
of fewer root galls was the result of combined inoculation 
of Bacillus penetrans and P.lilaclnus than due to the effect 
of either pathogen separately. Soybean, in microplots^ :.;;,^  
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infested only with M.incognita yielded 29% of the controls, 
those treated with P.lilacinus 50%, those with B.penetrans 
62% and those treated with both 75%. 
In an experiment at La Molina, Temik (10% G at 25 
kg/ha) and Temik plus fungus combined with rotation reduced 
nematodes and improved tuber quality in fungus and fungus + 
Temik treated plots. Yield of corn (Zea mays), a rotation 
crop, in fungus and fungus + Temik treated plots was double 
to that in the control plots. Yield in fungus treated plots 
was higher than in the plots treated only with Temik (Jatala, 
1985). He, further, reported that experiments on the farm 
fields were conducted in different countries to test the 
effect of P.lilacinus for the control of important plant 
parasitic nematodes such as M.incognita, Rodopholus similis, 
Globodera rostochiensis and G.pallida infecting potato and 
other crops. The field scale control of M.incognita on 
tomato by the application of P.lilacinus was tried. The 
fungus treated plots had higher yield than did the control 
plots and those treated with carbofuran. There were signi-
ficantly lower numbers of G.rostochiensis cysts in the 
P.lilacinus treated plots than in the neraaticide treated 
or control plots. Similarly, the results of another green 
house test showed that a significantly higher percentage 
of G.pallida eggs hatched out of the cysts in the control 
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(non-inoculated) than in fungus inoculated treatments. 
Approximately 509^  of apparently healthy G.pallida eggs were 
either infected or damaged by P.lilacinus. Midha (1985) 
studied the effectiveness of treatment of cowpea and mung 
seeds with spores of the fungus against root-knot infections. 
Three methods of inoculations were tried namely egg mass, 
eggs and larvae. It was found that fungal spores had some 
effect on the infestation level. Egg masses were less in 
both treatments wh^re inoculum source was egg masses or 
eggs. This trend was evident in both cowpea and mung crops. 
Jatala (1985) reported that fruit diameter of orange 
cv. "Valencia" was significantly affected by the application 
of three nematicides and P.lilacinus. The diameter of fruits 
obtained from fungus treated trees was greater than of those 
obtained from trees treated with Temik, Vydate and Mocap, 
Similarly,the number of nematodes in citrus roots and soil 
around citrus trees inoculated with fungus was significantly 
lower than that in the non-treated or the n6?maticide treated 
trees. Reduction of nematode population was correlated with 
the increased healthy root growth and increased fruit 
diameter, 
Godoy et al_. (1983) found four fungal parasites of 
Meloidogyne arenaria eggs from Alabama soil. The fungal 
species were Fusarium oxysporum, Paecilomyces lilacinus, 
PseudopopulQspora kendrickli and Verticillium chlamydosporium 
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Goddard, P.lilacinus was the most frequently occurring egg 
parasite. Results of greenhouse studies indicated that 
P.lilacinus and V.chlamydosporium were effective in reducing 
M.arenaria infestations. Gintis _et aJ. (1983) investigated 
fungal parasitism of H.glycines females and cysts on soybean 
and reported that a progressive increase in fungal coloni-
zation occurred with nematode development. Fungi most 
frequently isolated from these stages of development were 
Chaetomium cochloides Palliser, Expphiala pisciphila, 
Mc.Ginnis and Ajello, Fusarium oxysporum, F.solani, 
Phytophthora cinnamoni Rands. Pythium sp, a sterile 
mycelium and Trichosporon beigelii, (Ciichenm. and Rabenh.) 
Vuill. while, on the other hand^ fungi, occurring in signifi-
cant numbers in the older cysts only included Cylindrocarpon 
tonkinensis, Bugni, Neocosmospora vasinfecta Smith, 
P.lilacinus, P.varioti Bainier, Phoma terrestris Mond., 
Scytalidium fulvon Morgan-Jones and Gnitis and Verticillium 
chlamydosporium. Some fungi namely, C«cochloides, 
Paecilomyces sp., P.terrestris, P.cinnamoni, Pythium sp., 
V.chlamydosporium and V.lecanii (Zimm.) Viegas were regularly 
encountered in this study and these fungi were able to invade 
eggs and destroy the larvae within. Dackman and Nordbring-
Hertz (1985) found Verticillium sp. 1, V.chlamydosporium, 
P.lilacinus^ Microdochium bolleyi and Cylindrocarpon sp. as 
the fungal parasites of cereal cyst nematode, Heterodera 
avenae. 
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Paecilomyces lilacinus also showed antagonistic 
activity against fungi ( Bilai £t a]^. 1964 b; Brian _et al. 
1947) and bacteria ( Bilai. £t a]^. 1964a; Marchisio,1972). 
P,lilacinus colonizes sclerotia of Sclerotinia sclerotiorum 
(Lib.) de Bary and S.borealis (Domsch et^  al_. J980). Rai 
and Dhawan (1978) isolated Aspergillus fumigatus Fresenius 
from the surface of sclerotia of Sclerotinia-sclerotiorum 
ahd showed it to produce exocellular enzymes, such as 
chitinase which degrade sclerotia. 
Antagonistic activity of Trichoderma sp. (Persoon) 
Harz against some fungi has been reported by several workers 
(Jones and Watson,1969; Dennis and Webster,1971; Wells et al.;. 
1972; Henis e_t al.:1978; Hadar et al..1979; Chet and Baker, 
1980; Harman jet al.. 1981). Jones and Watson (I969) studied 
that JB (1-3) glucanase of Trichoderma viride soliabillz'ed'the 
hyphae of Sclerotinia sclerotiorum. Wells £t al.(1972) 
isolated Trichoderma harzianum Rifai from diseased sclerotia 
of Sclerotium rolfsii Saccardo which was pathogenic to 
S.rolfsii, Sclerotinia trifoliorum Eriks. and Botrytis cinerea 
Persoon in agar culture, but was innocuous to Rhizoctonia 
solani, Pythium aphanidermatum (Edson) Fitzp. P.myriotylum 
Drechs, They, further, reported that in greenhouse condi-
tions, T.harzianum effectively controlled S.rolfsii on blue 
lupines, tomatoes and peanuts. Under natural field condi-
tions, 1-3 applications of T.harzianum inoculum were highly 
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effective in reducing S.rolfsii damage to tomato, 3ackman 
and Rodriguez-Kabana (1975) used molasses enriched clay 
granules both as food base for grov/ing the same antagonist 
and as carrier to facilitate dispersal in the field. They 
observed a significant decrease in S.rolfsii damage to 
peanuts and an increase in yield during a 3 year test. 
Hadar et al.(1979) investigated that an isolate of 
Trichoderma harzianum directly attacked the mycelium 
of Rhizoctonia in culture medium, Trichoderma harzianum 
produced the enzymes jB (1-3) glucanase and chitinase, which 
are capable of degrading cell walls of R.solani, Application 
of T.harzianum in the form of wheat bran culture to R.solani 
infested soil effectively controlled damping-off of bean, 
tomato and eggplant seedlings. These findings corroborated 
those of Chet and Baker (1980) who found that T,harzianum 
released highly active p (1-3) glucanase and chitinase into 
the culture supernatant, these enzymes v/ere found capable 
of degrading fungal cell walls of R.solani. Trichoderma 
harzianum also controlled damping-off of radish, 
Elad £t a]^, (1980) found that Trichoderma harzianum 
was capable of lystng mycelia of Sclerotium rolfsii and 
Rhizoctonia solani. They, further, reported that under 
greenhouse conditions, incorporation of the wheat bran 
inoculum of T.harzianum in pathogen infested soil 
significantly reduced the bean disease caused by 
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S.rolfsil, R.solani or both. It controlled S.rolfsil more 
efficiently than a conidial suspension of the same anta-
gonist. Harman _e;t al_. (1980) reported that in laboratory-
studies, treatment of pea or radish seeds with conidia of 
Trichoderma hamatum protected seeds and seedlings from 
Pythium spp. and R.solani respectively, nearly as effectively 
as fungicide seed treatments. By comparison, treatment of 
radish or pea seeds with Ghaetomium globosum Kunze and Schm. 
was less effective than T.hamatum. ^ combination of 
C.globosum and T.hamatum was less effective on peas than 
was T.hamatum alone. Chet and Baker (1981) reported that 
inoculation of T.hamatum suppressed the infection of R.solani 
on radishes and beans. It also induced suppressiveness to 
Pythium spp, attacking peas and Sclerotium rolfsii in beans. 
NITROGEN, PHOSPHORUS AND POTASSIUM CONTENT IN THE PLANTS : 
Studies on the effect of nematodes and fungi on the 
mineral contents of parasitized plants have received consi-
derable attention during the past 30 years. Vanha, as early 
as 1893, while studying the mineral composition of sugar 
beets infected with Heterodera schachtii, reported signifi-
cant reduction in the Galcium, Phosphorus, Magnesium, 
Nitrogen and Potassium contents of the infected plants and 
concluded that the plants were deprived of these elements 
as a result of nematode infection. These observation were. 
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later, confirmed by Wilfrath and Wimmer (1903) and several 
others. Kruger (1925) and Neuwirth (1930) noted that 
Heterodera schachtil infection did not disturb the absorption 
ability of sugar beet roots but markedly influenced the 
uptake of nutrients, specially that of potassium, which 
resulted in the appearance of Potassium deficiency symptoms. 
Vosbury and Winston (1921) stated that Heterodera radicicola 
(= Meloidogyne) infection of pine apple seedlings resulted 
in the destruction of feeder roots leading to the development 
of deficiency symptoms. 
Magistard and Oliveira (1934) found that the total 
N'.itrogen absorbed by the root-knot nematode infected pine-
apple plants was 40-50% less than that absorbed by the 
healthy plants, Paris & Jehle (1943), later, reported that 
lima beans,heavily infected as the root-knot nematode, were 
deficient in Phosphorus although sufficient Phosphorus was 
present in the soil. 
Tarjan (1950) found low concentrations of essential 
elements in the Pratylenchus infested roots of boxwood plants 
than in the roots of uninoculated plants. Similarly, root-
knot infected lima beans contained, less Nitrogen, Phosphorus, 
Potassium, Calcium, and Magnesium than found in the healthy 
plants (Oteifa,1952). Lownsbery (1956) also reported less 
potassium content in the leaves of walnut (Juglans hindsii) 
seedlings infected with Pratylenchus vulnus than in the 
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leaves of healthy seedlings. He, further, concluded that 
the appearance of Potassium deficiency symptom was either 
due to the utilization of this element by the nematode or 
because of impaired absorptive capacity of roots or both. 
Sher (1957) obtained similar results while using rose plants. 
Maung and Jenkins (1959) studied the effect of different 
inoculum densities of M.incognita acrita and Trichodorus 
christiei on the nutrient status of tomato. They found that 
low level of inoculum of M.incognita acrita caused no signi-
ficant change in the nutrient status of plants but high 
inoculum density of nematodes resulted in an increased 
accumulation of Nitrogen, Phosphorus and Potassium in 
infected roots and not of Sodium, Presence of T.christiei 
in the soil, on the other hand, did not materially affect the 
mineral constituents of the plants irrespective of inoculum 
level, but brought about reduction in total Nitrogen, 
Phosphorus, and Potassium content by reducing the tops and 
roots. Sugar content of plants was, however, not affected 
by infection of either of the nematode species, 
Feldman e;t a]^. (I96I) reported that the leaves of 
citrus plants infected with Radopholus similis had low 
concentrations of Nitrogen and Potassium as compared to the 
healthy plants. They observed lowest Potassium level in 
the leaves of visibly declined trees but found no differences 
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in the Phosphorus content of leaves of diseased or healthy 
citrus trees. Application of high doses of Potassium ferti-
lizers mitigated the symptoms of Potassium deficiency, 
Shafiee and Jenkins (I963) observed that the infec-
tion of both, Pratylenchus penetrans and M.incognita acrita, 
greatly reduced fresh and dry weight of shoot and root of 
pepper (Capsicum frutescens). They also noted that both 
nematodes brought about accumulation of Nitrogen, Phosphorus, 
Potassium and Sodium in the infected roots of plants. 
However, higher amount of Potassium was detected only in 
the leaves of plants inoculated with P.penetrans. This led 
them to conclude that the imbalance in mineral,content of 
nematode infected plant was not only due to the consumption 
of elements (Nitrogen, Phosphorus, Potassium and Sodium) 
by the nematodes but also because of the overall disturbed 
physiology of infected plants. Jenkins and Malek (1966), 
while investigating the effect of four nematode species, 
including Meloidogyne hapla on vetch (Vicia villosa), 
concluded that nematodes in some way alter the plant 
mechanisms of absorption, translocation and accumulation 
of mineral constituents, Bergeson (I966), by using split-
root technique, dembnstrated that excess of Sodium and 
Potassium in the roots'of tomato infected with M.incognita 
was due to the metabolic upsets in which the minerals were 
mobilized to the infection site. He also pointed out that 
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the excess of these elements due to the failure of infected 
roots to translocate them to other parts appeared to be 
slight, 
Dropkin and King (1956) studied the uptake of P32 
in the healthy and galled tomato roots and observed that 
the Phosphorus content of nematodes present in the roots 
remained uniform thereby suggesting that nematodes did not 
absorb Phosphorus from galled tissues during the course 
of their development. They also observed that in infected 
plants there was less translocation of Phosphorus out of 
the galled roots to the aerial parts as compared to the 
healthy plants. 
There are, however, some contradictory findings. 
Hunter (1958) suggested that Meloidogyne incognita acrita 
caused no interference with the absorption ot translocation 
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of minerals including labelled Phosphorus P , Bodorova 
(1961) observed that in root-knot infected cucumber plants 
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uptake of P was slowed down in the beginning, but, later 
on it levelled up. Oteifa and Elgindi (1962), on the other 
hand, noticed that both healthy and galled tomato roots 
3? 
infected with M.javaruca were capable of absorbing P , but 
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m diseased plants a major amount of P was accumulated in 
the galled tissue and only a limited amount was translocated 
to aerial parts, whereas in case of healthy roots a major 
32 
fraction of P was translocated to the aerial plants. 
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Consequently, they stipulated that prolonged parasitism 
leads to reduced translocation. In a similar study, 
Dasgupta and Deb (1959) concluded that in tomato plants, 
infected with M.,1avanica and M.arenaria, the absorption 
of P was adversely affected and the differences were 
significantly greater after 14 days. In healthy plants, on 
the other hand, the absorption of Phosphorus, Nitrogen, 
Potassium and Magnesium remained high at all stages of grov/th 
as compared to the diseased plants while accumulation of 
Nitrogen, Phosphorus and Potassium in roots per gram of dry 
weight was higher in diseased plants. Thus, they concluded 
that root-knot infection adverselly affected the absorption 
and translocation capability of plants, 
Haque e_t a]^. (1972) reported that roots of infected 
plants contained more Nitrogen, Phosphorus and Potassium 
than roots of uninfested plants. On the contrary there was 
less Nitrogen, Phosphorus and Potassium in aerial parts of 
infested plants and thus showed deficiency symptoms, Jatala 
and Jensen (1976) stated that sugar beet plants inoculated 
with M.hapla had lower quantities of B, K and P in leaf tissue 
than non inoculated plants. They also noted that plants 
inoculated with Heterodera schachtii had lower quantities, 
of B, K, Mg, Mn, Cu and In. Sharma and Sethi (1976) came 
to the conclusion that either M.incognita or Heterodera 
cajani adversely affected the root nodulation and nitrogen 
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content of cowpea plants. They observed maximum reduction 
(78.44%) in case of concomitant inoculations and that 
M.incognita reduced nitrogen content to a greater extent 
than K.cajani. In the same year, Westcott and Barker (1976) 
reported that a microbivorus nematode (Acrobeloides 
buetschlii) inhibited Nitrogen fixation in nodular tissue 
of wandopea (Pisum sativum). Bopaiah £t al_, (1976a)stated 
that infestation of M.javanica interfered with the Nitrogen 
fixation ability of Vigna radiata plants and reduced the 
Nltrcgen content of shoot and root both, Ismail and Saxena 
(1976) reported that inoculation of Meloidogyne incognita 
caused greater disturbance in the NPK in susceptible tomato 
plants than in the rtsistant tomato plants. Of the three 
elements, Nitrogen ana Potassium were greatly influenced by 
nerratode infestation, 
Ismail and -Saxena (1980) reported that root-knot 
nematode did not alter the NPK status significantly, but 
in case of reniform nematode infested castor plants, there 
was less concentration of Nitrogen, Phosphorus and Potassium 
in roots as well as in shoots thus showing adverse effect 
on absorption and translocation of these elements. Ali 
£t a]^. (1981) studied an antagonistic interaction between 
M.incognita and Rhizobium leguminosarum on cowpea. They 
observed that M.incognita reduced nodulation and inhibited 
Nitrogen fixation by about 63% in the nodular tissues. 
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Recently, Sharma (1984) reported that Meloidogyne incognita 
infection interfered with the symbiotic nitrogen fixation 
and reduced the Nitrogen content of pea plants. 
Reddy e_t al. (1969) observed that the concentrations 
of total Phenols,Flavanoids, Amino Nitrogen and total 
Nitrogen were considerably reduced in rice seedlings infected 
with Pyricularia oryzae than the healthy seedlings. Reduc-
tion in Nitrogen, Phosphorus and Potassium contents in bean 
pods due to infection of Colletotrichum lindemuthianum has 
been reported (Hegde and Munjal,1971 }. Sivaprakasam et_ al. 
(1974) observed that infection of brinjal plants with 
Verticillium dahliae reduced the Phosphorus and Potassium 
content in the leaves. Gupta (1975) also reported reduction 
in the contents of Phosphorus, Potassium, Calcium, Magnesium 
and Iron in coriander plant parts (Leaves and Fruits) 
infected with Pro'feomyces macrosporus. The leaves of 
Coccinia cardifolia infected with Erysiphe cichoracearum 
showed a marked decrease in Nitrogen, Phosphorus and 
Potassium contents as compared to healthy leaves (Jamal and 
Khan,1976). Orellana et al.(1976) similarly observed 63% 
decrease in the fixed Nitrogen per soybean plant due to the 
infection of Rhizoctonia solanl. Puccinia helianthi infection 
on sunflower leaves is also reported to cause reduction in 
the contents of Sodium, Potassium and Phosphorus (Patil and 
Kulkarni,1977). ^ significant decrease in NPK contents was 
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observed in infected leaves of date palm and was indirectly 
proportional to the advancement of the disease caused by 
Graphiola phoenius (Kapur et_ al^ . ,1978). Bisen (1983) 
observed appreciable decrease in the Nitrogen content of 
bean leaves infected with Curvularia lunata as against the 
healthy' leaves. 
Prasad _et _al^ .(1975) stated that Puccinia carthami 
infection on sunflower (Garthemus tinctorious) plants reduced 
the Phosphorus content in the leaves. Similar observation 
was also reported by Siddaramaiah et_ a]^. (1979) due to infec-
tion of Puccinia arachidis on groundnut. 
There are, however,some contradictory findings of 
different workers regarding the mineral content of plants 
infected with nematode and/or fungus. Chitwood e_t al. (1951) 
stated that higher inoculum level of either M.incognita or 
M.javanica resulted in an increase in the Magnesium and 
Iron and a decrease in Potassium and Calcium content in the 
roots of susceptible peach seedlings whereas there was an 
increase in the Magnesium, Calcium and Potassium contents 
of leaves. Healed and Jenkins (1963 and 1964) reported that 
inoculation of 10,000 specimens of Pratylenchus penetrans 
o" Ilex rotunda and Berberis Julianae, caused significant 
increase in the Calcium and Potassium content in leaves of 
both the plants but a decrease in Nitrogen content of 
B.,julianae leaves. In the roots, on the other hand, they 
observed more Nitrogen and less of Phosphorus, Potassium 
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and Magnesium in I.rotunda and excess of Calcium in 
B.,1ulianae. Nasr e_t a]^. (1980) reported that the NPK contents 
of both, root and leaves, were significantly greater in 
bitter almond plants infested with M.javanica or M.Incognita 
than the uninfested plants. They, further, reported that 
there v/ere no significant differences in mineral concen-
trations of roots and leaves between nematode infested 
nemaguard peach plants and control, except that the Fe 
concentration of root was significantly less in infested 
plants. Ibrahim _e;t al.. (1982) observed that infection of 
cotton plants with Fusarium oxysporum f, vasinfectum induced 
a significant reduction in K, Mn, Mg, Zn and. Cu, but caused 
a significant increase in N and Ca, Combined infection of 
Meloidogyne incognita and Fusarium oxysporum f vasinfectum 
resulted in significant reduction in Fe, K, Mg, Zn^ and Cu, 
and a significant increase in N and Ca. Nematode infection, 
however, produced a significant increase in N and Zn and a 
decrease in Cu and Fe. Price e_t al.(1982) suggested that 
infection of oat plants with Heterodera avenae did not impede 
uptake or transport of nutrients and roots compensated for 
reduced and altered root growth by increasing rates of 
uptake of Phosphorus and Potassium. Saxena (1984) reported 
that infection of powdery mildew (Erysiphe polygon!) increased 
Nitrogen, Phosphorus and Potassium contents in the leaves of 
fodder guar. 
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The aim of ray work was to determine whether 
R.reniformis, M.incognita and R.solani interact to produce 
any nutritional imbalance that may cause some disturbance 
in the physiology of covypea plants. I studied NPK content 
of the host because I consider that this would be a sensi-
tive indicator of abnormal physiology of the infected plants. 
PROLINE : 
Proline is one of the major constituents of biolo-
gical proteins and is synthesized from glutamic acid 
(Vogel and Davis,1952; Streeker,1957). It is normally a 
minor constituent of the amino acid pool in many plants. 
However, Stewart and Lee (1974), while examining the role 
of proline accumulation in a number of hallophytes, found 
that it constitute a bulk of the amino acid pool (30%) 
in these plants and may accumulate upto 70% of the amino 
acid pool. 
Proline was found to accumulate in various crops 
under stress conditions such as crown gall of tomato and 
tobacco, drought, environmental pollution, mineral (S and P) 
deficiency,salinity and sodicity (Thompson et al..I96O; 
Seitz and Hochster,1964; Routley,1965; Stewart £t aJ.,1966; 
Singh £t al_. ,1972; Stewart and Lee,1974; Strorey. and Wyn-Jones, 
1978, Qadar _et al. .1981; Erickson and Dashek,1982). This 
proline accumulation may be an adaptive mechanism of plants 
94 
to overcome the stress conditions rather than the main-
tenance of growth (Greenway and Munns,1980). 
Little information is available on the proline 
accumulation in plants as a result of stress caused by-
pathogenic infections. Diener (i960) reported more accumu-
lation of proline in virus infected (Western-x-disease) 
pea plants than in uninfected plants, Seitz and Hochster 
(1964) found 70 times more free proline in the crown gall 
tobacco stem tissues than in the normal, uninfected tissues, 
A similar phenomenon was observed in tomato stem tumour 
tissue which was shown to contain 22 times as much free 
proline as in it's normal counterparts. 
Higher concentrations of proline in nematode and/or 
fungus infected plants have also been reported time and 
again. ' Natural increase in free amino acids has been 
concomitant with an increase in resistance of soybean to 
stem canker caused by Diaporthe phaseolorum (Benedict and 
Hildebrand,1958).,^ Hrushovetz (1954) observed that the 
aggregate content of both free and combined amino acids was 
higher in v/heat roots infected with Helminthosporium sativum 
than in the healthy roots. Similarly, higher glutamic 
acid content was observed in watermelon tissues infected 
with Colletotrichum species. (Mc Combs and Winstead,196l ). 
Shaw and Colotelo (1961) recorded 4-fold increase in the 
free amino acids per gram fresh weight of wheat plants 
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after 9 days of their inoculation with Puccinia graminis 
tritici. 
'Greater accumulation of proline in nematode infected 
plants has also been reported (Myuge,1956; Lewis and Mc Clure, 
1975; Bird and Mc Clure,1975; Meon et_ al_.. 1978). Epstein 
and Cohn (1971) observed that proline was most prominent 
amino acid in the root tissues infected with Longidorus 
africanus on bur marigold (Bidens tripartita) and showed an 
increase of 1900^ over proline in the healthy tissues. 
Lewis and Mc Clure (1975), on the other hand, found at least 
a thousand fold increase in the proline level of M.incognita 
susceptible cotton shortly before egg laying. Zacheo et al_. 
(1977) reported that constitutive hydroxyproline in tomato 
root cell walls was not related to the levels of host resis-
tance. They, however, observed that cell wall hydroxyproline 
increased in all cultivars as a result of infection and the 
total cell wall hydroxyproline concentration (constitutive 
plus infection inuuced) tended to be relatea 
to host resistance. Similarly, the change in concentration 
of mitochondrial protein hydroxyproline as a result of 
infection was hit;hl'y correlated with host resistance. 
Infection of the susceptible cultivars resulted in a net loss 
of hydroxyproline, v/hereas in the infected resistant cultivars 
there was a net gain. In view of the relationship between 
hydroxyproline concentration and cyanide-insensitive respi-
ration 3s demonstrated by Arrigoni et al.(1977), Zacheo et al. 
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(1977) concluded that resistance was based on the ability 
of host to utilize cyanide-insensitive respiration to 
counteract the effects of the pathogen'. 
Singh e_t al. (1978) reported 22096 increase in the 
proline concentration of M.incognita infected brinjal roots 
after 90 days of inoculation than in the healthy roots, 
while Sharma e_t al. (1980) observed 21^% increase in the 
proline concentration of okra roots infected with 
M.incognita as compared to unifected roots. They, further, 
noted that simultaneous inoculation of M.incognita and 
Rhizoctonia bataticola caused as high as 72.9% increase in 
the proline concentration of okra roots as compared to 
uninfected roots. 
L5GHAEM0GL0BIN : 
Among the several families of the plant kingdom, 
the family leguminosae contributed a good deal to the 
Nitrogen economy of nature through symbiotic association 
with the bacteria of the genus, Rhizobium in nodules formed 
on the root system. Based on colour, three types of 
nodules have been met with in legumes. The pink nodules 
possess leghaemoglobin,while the green and the brown ones 
have legcholeglobin and legmethaemoglobin respectively. 
Out of these, leghaemoglobin is active in Nitrogen fixation 
while the other two are relatively inactive but they are 
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interconvertible (Subba- Rao and Chopra,1967). 
Leghaemoglobin is generally localized in the cyto-
plasm of cells containing bacteriods and not inside the 
prebacteriodal membrane (Verma _et al, ,1978),. Leghaemoglobin 
is markedly similar to blood haemoglobin. Its molecular 
weight is of the order of 16000 to 17000 as compared to 
66000 of blood haemoglobin. This variation is mainly because 
of the difference in the number of peptide chains between 
the animal and legume haemoglobin (West and Todd,1961), 
Leghaemoglobin appears to be a product of the Rhizobium-
legume complex, since the pigment is not present in bacteria 
when cultured alone (Allen and Allen,1958); leghaemoglobin 
is a protein which is synthesized exclusively in the Nitrogen 
fixing root nodules and is restricted to infected cells 
within these nodules where it constitutes 25-50% of the total 
soluble protein of the cell. Leghaemoglobin has myoglobin 
like properties, which is a muscle protein whose function 
is thought to be that of assisting diffusion of 02 into 
tissues and possibly providing a "store" of 02 (Bray,1983). 
Several workers have strongly suggested that leghae-
moglobin is involved in Nit-'ogen fixation. The fact that 
nodules lacking leghaemoglobin are unable to fix nitrogen 
and that a correlation exists between leghaemoglobin con-
centration and the rate of Nitrogen fixation is apparent from 
numerous investigations (Virtanen et al.,19^7a and b). 
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Leghaemoglobin is similar to mammalian haemoglobin and acts 
as an 0„ carrier in the process of Nitrogen fixation in 
nodules. It is probably important in the oxidative metabo-
lism that provides the energy for driving Nitrogen fixation, 
but it may also have a role in protecting the oxygen sensitive 
Nitrogen fixing enzyme from the effects of atmospheric 
oxygen (Bidwell,1979). 
Very little information is available regarding the 
effect of pathogens on leghaemoglobin concentration. 
Orellana and Fan (1978) reported that infection by bean 
yellow mosaic virus in Phaseolus vulgaris reduced the leghae-
moglobin concentration in nodules. Similarly, Orellana et^ al. 
(1978) observed that Tabacco Ring Spot Virus and Rhizobium 
interactions in Glycine max impaired the leghaemoglobin 
concentration in nodules. Sharraa and Sethi (1975a) >on the 
other hand, showed that combined inoculation of M.javanica, 
Heterodera ca.lani and Rhizobium on cowpea adversely affected 
nodulation and haemoglobin contents. Both nematode species 
thrived well and completed their life cycle on nodular tissue 
but M.incognita caused greater reduction in haemoglobin 
content than H.ca.iani. Bopaiah et al_. (1976b) noted that 
M.javanica infection in mungbean reduced the leghaemoglobin 
content in root nodules by 12% over the control. They, 
further, reported that maximum leghaemoglobin content was 
in the plants inoculated with Rhizobium alone, moderate in 
plants treated with carbofuran, aldicarb and fensulfothion 
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but significantly low in the plants treated with raethomyl, 
oxamyl and DBCP. Huang and Barker (1983) reported that 
leghaemoglobin content per gram of nodule was lower in 
Heterodera glycines infected soybeans than in the nodules 
of control plants. Recently, Green (198A) observed that 
in vitro inoculation with Pratylenchus thornii, Ditylenchus 
dipsaci and cyst nematode inactivated the root nodules of 
pea so that fully forrr.ed nodules lacked haemoglobin, 
WATER ABSORPTION BY ROOTS : 
It is well demonstrated that various physiological 
processes of plants are adversely affected by the attack of 
pathogenic organisms. There are several reports on the 
inhibitory effect of viruses, bacteria and fungi on the 
v;ater absorption capability of host roots (Johnston and 
Miller,I93A; Bever,1937; Simmonds,1939; Stubbs,1947; 
Subramanian and Saraswati Devi, 1959) but little is kno'/m 
about the effect of plant parasitic nematodes on water 
absorption capability of host plants(Alam and Saxena,1975; 
Alam e^t al..,197A; Ismail and Alam,1975). Alam et a]_.(1974) 
observed that water absorption capability of tomato was 
adversely affected by the infection of M.incognita and was 
indirectly proportional to the inoculum level used. 
Ismail and Alam (1975) noted adverse effect of 
R.reniformis on the water absorption capacity of castor and 
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tomato but observed its direct correlation with the initial 
inoculum density of the nematode, Alam and Saxena (1975) 
studied the effect of an ectoparasitic nematode, 
Tylenchorhynchus brassicae, on the water absorption capacity 
w 
of cabbage var. Pride, cauliflov/er varg. Snowball and Knol-
khol var. Local. They observed that nematode infection 
not only reduced the fresh weight of plants but also 
impaired the water absorption capability of roots,, 
MATERIALS AND METHODS 
1 0 1 
CHAPTER- II 
MATERIALS AND METHODS 
Two nematode species viz. root-knot nematode, 
Meloidogyne incognita (Kofoid and White,1919) Chitwood, 
19'^ 9 and reniform nematode, Rotylenchulus reniformis 
Linforl and 01iveira,1940 and a fungus Rhizoctonia solani 
Kuhn were selected as test pathogens, Cowpea (Vigna 
unguiculata L. Walp var, Pusa Barsati) was used as a test 
plant. 
2.1 PREPARATION AND STERILIZATION OF SOIL MIXTURE; 
« 
Sandy loam soil collected from a fallow field of 
Aligarh Muslim University Farm was'sieved through 16 mesh 
sieve and mixed with sieved river sand and organic manure 
in the ratio of 3:1:1 respectively. Throughout the course 
of studies,unless stated otherwise, 6" pots were filled with 
this soil mixture at the rate of 1 kg/pot. A little amount 
of water was poured in each pot to just wet the soil before 
transferring to an autoclave for sterilization at 20 lb 
pressure for 20 minutes. Sterilized pots were allowed to 
cool down at room temperature before use for experiments. 
2o2 RAISING AND MAINTENANCE OF TEST PLANTS: 
Seeds of test plant, surface sterilized with Oc.1% 
mercuric chloride for 2 minutes and washed thrice in steri-
lized water, were treated with cowpea strain of Rhizobium 
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before sowing. Sucrose solution (5^) was used as sticker 
for bacterization. The bacterized seeds,dried at room tem-
perature, were SOV.TI in each pot at the rate of 3 seeds/pot 
and after their germination thinning was done so as to 
maintain only one plant per pot. One week old,well established 
and healthy seedlings were used for experimental purposes 
throughout the course of investigations, 
2,3 RAISING AND MINTENANCE OF PURE CULTURES OF NEMATODES : 
Separate pure cultures of M.incognita and 
R.reniformis were raised on cowpea plants using a single 
egg mass collected from infected cowpea rootsJThe egg mass 
was surface sterilized by treating it with 1:500 aqueous 
solution of chlorox (Calcium hypochlorite) for 5 minutes 
as described by den Ouden (1958), Treated egg mass was 
washed thrice in distilled water. The eggs, in the egg 
mass were allowed to hatch out at 27*0 under aseptic condi-
tions on a sieve layered with tissue paper and kept in a 
petridish containing sufficient amount of sterilized distilled 
water. Cowpea seedlings grown in 12*' clay pots containing 
autoclaved soil was inoculated with the juveniles so obtained. 
Nematodes were extracted from the pot soil after a month 
through graded sieves of 1.5,60 and 400 mesh according to 
modified Cobb's sifting and gravity method followed by 
Baermann funnel technique (Southey,1970). Nematodes so 
obtained were used for inoculating fresh cowpea seedlings 
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growing in several 12" clay pots containing sterilized soil. 
Second stage larvae of root-knot nematode and immature females 
of reniform nematode infested the roots and multiplied there 
on in respective pots. After 6-8 weeks, a little of soil 
from near the root zone and roots of inoculated plants was 
examined separately to confirm the establishment and multi-
plication of each nematode species. After 2-3 months, the 
plants were cut at the ground level and soil was processed 
for nematode extraction by the technique mentioned earlier. 
The roots were washed thoroughly under running tap water, 
cut into small pieces and transferred near the root zone of 
cowpea seedlings growing in the microplots containing steri-
lized soil. Separate soil suspension containing M.incognita 
and immature females of R.reniformis was also transferred, 
with the help of sterilized pipette, to the root zone of 
cowpea seedlings growing in the respective microplots. Cowpea 
seedlings were inoculated from time to time in order to main-
tain a regular supply of the respective inoculum. Cultures 
of M.incognita and R.reniformis multiplied and maintained in 
this way were, thereafter used for obtaining required 
inoculum. 
2.4 PREPARATION OF NEMATODE INOCULUM : 
Large number of egg masses, from heavily infected 
covvpea roots on which pure culture of M.incognita multiplied, 
was hand picked with the help of sterilized forcep. These 
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egg masses, after being washed in distilled water, were 
placed in a sieve with a layer of double tissue paper. The 
sieve was placed over a petridish (10 cm diameter) containing 
water. The water level was kept such that it just touched 
the lower portion of the sieve having egg masses. A series 
of such assemblies were kept to obtain large number of 
second stage larvae required for inoculations. After every 
24 hours, the hatched out larvae were collected along with 
water from the petridishes in a beaker and fresh water added 
to the petridish. 
For extraction O'f reniform nematode, soil was collected 
from the root zone of heavily infected cowpea plants in which 
pure culture of this nematode was raised. This soil was 
processed for extraction of immature females of reniform 
nematode using the technique described earlier. 
Separate water suspensions of above mentioned 
nematodes was thoroughly strirred for making homogenous dis-
tribution of nematodes before taking 10 ml suspension in the 
counting dish (Southey,1970) for counting the number of 
nematodes from each sample under the stereoscopic microscope. 
An average of five counts was taken to determine the density 
of nematodes in the suspension. 
Volume of water in the nematode suspension was so 
adjusted that each ml contained about 100 nematodes. It was 
done by adding more water or decanting the excess amount of 
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water, so that 10 ml of this suspension poured in each pot 
to provide required inoculum level(i.e. 1000 nematodes/pot)o 
2.5 ISOLATION OF FUNGI FROM RHIZOSPHERE AND INFl^ CTED COft'PEA ROOTS; 
Cowpea plants showing distinct galls and exhibiting 
root-rot and wilt symptoms were collected in polythene bags 
from the infested field near Shahjamal, Aligarh,where cowpea 
was cultivated on a large scale. 
Excess amount of soil adhering to the roots was 
removed by shaking the root system. The soil still left 
adhering to the roots was scrapped and collected over the 
butter paper with the help of sterilized needle. The soil 
thus obtained was thoroughly mixed and one microspatula of 
this soil was transferred to 100 mm diameter petridish to 
which 15-20 ml of sterilized, melted and cooled potato-dextrose-
agar (P.D.A.) was pouredlater. Ten plates were poured for 
each sample performing all operations under aseptic conditions. 
The inoculated petriplates were incubated at 28_+2*'C. Fungi 
that grew after 5-6 days of incubation were identified and 
subsequently purified. 
Serial washing technique was employed to isolate 
R.solani from the infected root tissues (Harley and Waid, 
1955). Roots were transferred to sterilized dish containing 
sterilized distilled water and gently freed of soil particles. 
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The roots were then transferred to another dish and the 
process was repeated till such time that all the adhering 
soil particles were removed. The roots were then cut into 
approximatelly 5 mm pieces and transferred to a petridish 
containing 0.1% mercuric chloride solution. After about a 
minute, the root pieces were given three successive washings 
in sterilized distilled water and soaked on filter paper. 
Five of these root pieces were plated in each of the 10 
petridishes containing P.D.A. with the help of sterilized 
forcep under aseptic conditions. These inoculated petri-
dishes were incubated at 28+^ 2"C for about 10 days. The 
fungus that developed on root segments was examined and iden-
tified. On confirmation of its identity as R.solani, its 
pure culture was prepared, 
2.6 RAISING AND MAINTENANCE OF FUNGAL CULTURES : 
Fungal inoculum was further raised on Richard's 
liquid medium (Riker and Riker,1936) having the following 
composition: 
Potassium nitrate , 10.00 g 
Potassium dihydrogen phosphate 5.00 g 
Magnesium stilphate 2,50 g 
Ferric chloride 0.02 g 
Sucrose 50.00 g 
Distilled water 1000.00 ml 
107 
The medium was prepared, filtered through muslin 
cloth and sterilized in an autoclave at 15 lb pressure for 
15 minutes in 250 ml Erlenmeyer flasks each containing 80 
ml of liquid medium. 
Small bits of the fungal mycelium were transferred 
to these conical flasks. Same process was repeated for 
raising and maintenance of other fungi obtained from cowpea 
rhizosphere. Inoculated flasks were incubated at 28j+2''C 
for about 15 days to allow fungal growth to be used for 
further studies. 
Pure culture was continuously maintained on P.D.A. 
contained in the test tubes by reinoculation of the fungus 
after every 15 days, 
2,7 PREPARATION OF FUNGAL INOCULUM : 
After incubating the flasks for about 15 days, the 
liquid medium was filtered through Whatman filter paper No,1, 
the mycelial mat washed in distilled water to remove the 
traces of medium and gently pressed between the folds of 
blotting paper to remove the excess amount of water. Inoculum 
was prepared by mixing 100 g fungal mycelium in 100 ml of 
sterilized distilled water and blending it for 50 seconds 
in a waring blender (Stemerding,1964). Thus each 10 ml of 
this suspension contained 1,0 g of fungus. 
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2.8 INOCULATION TECHNIQUES : 
Unless stated otherwise, one week old cowpea seedlings 
were inoculated with 1000 specimens of each nematode species 
and 1 g fungus respectively throughout the course of these 
investigations. 
Feeder roots of seedlings, just before inoculations, 
were exposed by carefully removing the top layer of soil and 
a required quantity of nematode suspension and/or fungus 
inoculum was poured uniformly all around the exposed roots 
using a sterilized pipette. Exposed roots were immediately 
covered by levelling the soil properly. • 
Both, individual and simultaneous inoculations of 
different pathogen combinations were done unless stated other-
wise, 
2.9 EXPERIMENTS : 
(i) RACE IDENTIFICATION : 
The populations of reniform and root-knot nematodes, 
which were maintained on micro plots, were used for race 
identification. 
(a) FOR RENIFORM NEIUTODE : 
Seeds of castor, cotton and cowpea were sown in 5" 
clay pots containing 1 kg autoclaved soil per pot. Twenty-
one days after germination each seedling was inoculated with 
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1000 immature females of reniform nematode. Categorization 
of race was done as suggested by Dasgupta & Seshadri (1971). 
(b) FOR ROOT-KNOT NEMATODE : 
For identification of race of M.Incognita, six 
differential host plants viz. cotton "Deltapine-16", tobacco 
"NC-95", peanut "Florunner", watermelon "Charleston Gray", 
pepper "California Wonder" and tomato "Rulgers", were 
used. Seeds of these plants were sown in 5" clay pots con-
taining 1 kg/pot autoclaved soil. Twenty-one days after 
germination, each seedling was inoculated with 1000 root-knot 
larvae. 
After 60 days of inoculation, the plants were 
depotted and data concerning plant growth characters and 
nematode multiplication were recorded for determination of 
races of each nematode species. Determination of race of 
root-knot nematode was made using the method of Tylor and 
Sasser (1978). The number of galls and egg masses were 
counted separately for each root system and index prepared 
on the basis of the following formula ; 
0 = no galls or egg masses, 
1 = 1-2 galls or egg masses 
2 = 3-10 galls or egg masses 
3 = 11-30 galls or egg masses 
4 = 31-100 galls or egg masses 
5 = over 100 galls or egg masses 
no 
Tne host plants having an average gall and egg mass 
index of 2 or less were considered resistant (-), and the 
plants on which nematode reproduction was moderate to high 
v;ith an average gall and egg mass index more than 2 were 
considered susceptible (+). I^ ta were compared with the 
chart proposed by Taylor & Sasser (1978). 
(ii) DETERiXINATION OF IN0CULUI4 THRESHOLD : 
In order to determine the inoculum threshold of 
each nematode species, capable of causing significant damage, 
the seedlings of cowpea were inoculated with 10, 100, 1000 
and 10,000 of either nematode species. Similarly, for 
determination of the fungal inoculum threshold the seedlings 
were inoculated with 0.25, Oo50, 1.0 and 2.0 g of the fungus. 
Since inoculation of plants with 1000 juveniles of either 
nematode species or with 1 g fungus caused significant reduction 
in growth and nodulation even at 1)^, these inoculum levels 
were used in subsequent studies, unless stated otherwise, 
(iii) STUDIES ON INTERACTIONS OF DIFFERENT INOCULUM LEVELS 
OF TEST PATHOGENS : 
Beside inoculating test plants with different 
pathogens individually various combinations of concomitant 
inoculations of the three pathogens using different inoculum 
levels of each were designed as given in the following 
Table-A. 
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Table-A. Inoculation Schedule 
Nematode Inoculum Fungus Inoculum 
Treat- (Number of nematodes/ (g mycelium/pot) 
ment pot) 
No. 
R.reniformis 
250 
500 
750 
-
-
-
-
-
-
750 
500 
250 
750 
500 
250 
)~ 
-
— 
M.incognita 
_ 
-
-
250 
500 
750 
-
-
-
250 
500 
750 
-
-
-
750 
500 
250 
R.solani 
m. 
-
-
-
-
-
0.25 
0.50 
0.75 
~ 
-
-
0.25 
0.50 
0.75 
0.25 
0.50 
0.75 
1. 
2. 
3. 
A. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19c 
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(iv) STUDIES ON SIMULTANEOUS ANO SEQUENTIAL INOCULATION OF 
PATHOGENS : 
In cases oi raultipathogenic infections of host plant, 
interpathogenic competitions for food and suryival are very 
much expected. In order to study the effect of early estab-
lisnment of either of the two nematode species and the fungus 
on plant growth characters and nematode multiplication, cowpea 
seedlings, both bacterized and unbacterized, were inoculated 
with three pathogens (M.incognita, R.reniformis, and R.solanl) 
individually and in their various combinations of simul-
taneous, and pre and post inoculations, Uninoculated-bacterized 
plants were kept as control. In each pot 1 g Rhizobial inoculum 
was added. For preparing Rhizobial inoculum 100 g; commercial 
bacterial culture of cowpea strain of Rhizobium was dissolved 
in 1000 ml sterilized distilled water so that each 10 ml 
suspension contained 1 g bacterial culture. Inoculations 
were made according to the schedule presented in Table-B. 
Table-B, Inoculation Schedule 
1o Uninoculated - Bacterized (Control) 
2. Uninoculated - Unbacterized. 
3. Inoculation with R.reniformis (Rr) alone 
4. Inoculation with Rr+Rhizobium (Rh) 
5. Inoculation with M.incognita {Mi) alone 
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6o Inoculation with Mi + Rh 
7, Inoculation with R.solani (Rs) alone 
8, Inoculation With Rs + Rh 
9, Inoculation with Rr + Mi 
10. Inoculation with Rr + Mi + Rh 
11. Inoculation with Rr + Rs 
12. Inoculation with Rr + Rs + Rh 
13. Inoculation with Mi + Rs 
14. Inoculation with Mi + Rs + Rh 
15. Inoculation with Rr + Mi + Rs 
l6o Inoculation with Rr + Mi + Rs + Rh 
17. Inoculation with Rh 15 days prior to Rr 
18o Inoculation with Rr 15 days prior to Rh 
19. Inoculation with Rh 15 days prior to Mi 
20. Inoculation with Mi 15 days prior to Hh 
21. Inoculation with Rh 15 days prior to Rs 
22o Inoculation with Rs 15 days prior to Rh 
23, Inoculation with Rr + Rh 15 days prior to Mi 
24„ Inoculation with Mi + Rh 15 days prior to Rr 
25. Inoculation with Rs + Rh 15 days prior to Rr 
26. Inoculation with Rr + Rh 15 days prior to Rs 
27o Inoculation with Rs + Rh 15 days prior to Mi 
28. Inoculation with Mi + Rh 15 days prior to Rs 
29. Inoculation with Rh 15 days prior to Mi + Rr 
30. Inoculation with Mi + Rr 15 days prior to Rh 
31. Inoculation with Rh 15 days prior to Mi + Rs 
32. Inoculation with Mi + Rs 15 days prior to Rh 
33. Inoculation with Rh 15 days prior to Rr + Rs 
34. Inoculation with Rr + Rs 15 days prior to Rh 
35. Inoculation with Rh 15 days prior to Rr+Mi+Rs 
36. Inoculation with Rr+Mi+Rs 15 days prior to Rh. 
v/here, 
Rh = Rhizobium, Mi = M.incognita 
Rr = R.reniformis 
Rs = R.solani 
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(v) STUDIES ON NEMATODE PENETRATION : 
An experiment was conducted in small pots (3"x2,5") 
containing 100 g steam sterilized soil sand mixture (1:1). 
One week old seedlings were inoculated both, individually 
and concomitantly by pipetting 100 freshly hatched larvae 
of M.incognita and/or freshly collected immature females of 
R.renlformis over the root surface of plants growing in each 
pot. Concomitant inoculation of the fungus (0.50 g) with 
either of the nematode or both the nematode species was 
also made. 
The seedlings were uprooted carefully at 24 hour 
intervals upto 7 days. The root system was gently washed 
with water and later stained in 0.50% boiling lactophenol 
acid fuchscin for one minute. The number 
of nematodes inside the root was counted after dissecting 
under a stereoscopic binocular microscope. 
(vi) SCREENING OF CQWPEA VARIETIES AGAINST R.RENIFORMIS, 
M.INCOGNITA AND R.SOLANI SEPARATELY : 
Twenty cowpea varieties viz, Pusa Dophasli, Russian 
giant, FGR-450, CO-4, S-488, RC-2, RC-8, RC-48, EC-4213A, 
EC-4874, EC-55171, EC-99573, EC-101418, IC-I, IC-RG, IC-200, 
IC-238, IC-244, IC-393 and IC-503 were individually 
inoculated with the three test pathogens (R.renlformis, 
M.incognita and R.solani). 
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The degree of resistance and susceptibility of 
aifferent cowpea cultivars to R.reniformis and M.incognita 
was determined by using Husain's (1986) Resistance-
Susceptibility Indices as given below in a slightly modified 
form, 
RESISTANCE-SUSCEPTIBILITY INDICES : 
(a) FOR RENIFORMIS,NEMATODE 2 
^ ^ — • II I • • • • • I H I I . I M ^ I I 1 ^ M • • • M I . I I I M • ! • • 
(1) Reproduction factor of nematode <1.00; no significant 
reduction in plant growth = Resistant (R) 
(2) Reproduction factor of nematode 1.01 to 2.50; no sig-
nificant reduction in plant growth = 
Moderately Resistant (MR) 
(3) Reproduction factor of nematode 2.51 to 4.00, plant 
grov/th reduction significant but <10%= Tolerant (T) 
(4) Reproduction factor of nematode 4.01 to 6.00;signi-
ficant reduction in plant growth 10-25% = 
Susceptible (S) 
(5) Reproduction factor of nematode >6.00; significant 
reduction in plant growth >25% = Highly Susceptible 
(HS). 
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(b) FOR ROOT-KNOT NEMATODE : 
(1) 1 to 10 galls/root system) reproduction factor<1; 
no significant reduction in plant growth = 
Resistant (R) 
(2) 11-20 galls/root system; reproduction factor 1 to 2; 
no significant reduction in plant growth = Moderately 
Resistant (MR). 
(3) 21 to 30 galls/root system; reproduction factor 2.01 
to 3.00; plant growth reduction significant but <^0% 
= Tolerant (T). 
(4) 31 to 100 galls/root system; reproduction factor 
3.01 to 5.00;significant reduction in plant growth 
10-25% = Susceptible (S) 
(5) 100 galls/root system; reproduction factor )»5J 
reduction in plant growth >25% = Highly Susceptible 
(HS). 
(c) FOR R.SOLANI : 
Resistance rating against R.solani were determined 
by taking into account the percentage reduction in plant 
growth and nodulation, based on the following scale, 
(1) No significant reduction in plant growth and nodulation 
= Resistant (R), 
(2) Plant growth and nodulation reduction significant but 
<10% = Tolerant (T). 
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(3) 15 to 25% significant reduction in plant growth and 
nodulation = Susceptible (S), 
(A) •> 25'?6 significant reduction in plant growth and nodulation 
= Highly Susceptible (HS). 
(vii) STUDIES FOR DETERMINING MULTIPATHOGENIC RESISTANCE : 
Six cowpea varieties (S-488, CO-A, RC-8, EC-4213A, 
IC-244 and IC-503) which showed resistant and moderately 
resistant response to different test pathogens were indivi-
dually (again) and concomitantly inoculated in different 
combinations for determining their multipathogenic resis-
tance, if any, 
(viii) STUDIES ON BIOLOGICAL CONTROL : 
Four inoculum levels (0.25, 0,50, 1.0 and 2.0 gm 
fungus/plant) of Paecilomyces lilacinus were used to determine 
its efficacy as a biocontrol agent for the control of R. 
renlformis, M.incognita and R.solanl on cowpea plants. 
Hundred females and egg masses of each nematode species were 
collected from the roots of plants inoculated with 
P.lilacinus and infected with either nematode species. These 
females and egg masses were transferred separately to 
sterilized petridishes containing autoclaved 1.0% water agar 
and incubated at 25°C. After 7 days incubation the percentage 
of fungus infected females and egg masses was calculated. 
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Since highest inoculum of P.lilacinus (2.0 g/pot) was most 
effective for reducing plant damage caused by the individual 
infections of reniform and root-knot nematode species and 
the root-rot fungus this inoculum level of P.lilacinus was, 
therefore, used later against interacting pathogens on 
cowpea, 
(ix) STUDIES ON SEED TREATMENTS WITH CERTAIN PESTICIDES. 
OIL-CAKES, P.LILACINUS P"'ILTRATE AND NEEM-LEAF PASTE 
FOR EVALUATING THEIR ANTL^JEMATODE/ANTIFUNGAL 
EFFECTS : 
Seeds of cowpea were treated with a nematicide, 
aldicarb/Temik 10 G (2-methyl-2-(methylthio) propional-
dehyde-0-i(methylcarbamoyl)-oxime) and a fungicide-carbendazim/ 
Bavistin, 2 (Methoxy-carbaraoyl)- benzimidazole separately 
prior to sowing. A slurry coating containing 5 g aldicarb 
only and a mixture %i 0.2 g of bavistin and 5.0 g talc 
powder (used as inert material) was made in 5 ml synthetic 
neutral gum (used as sticker). Seeds weighing 10 g were 
added and the container was shaken to have uniform coating 
of slurry over the seeds. The treated seeds were then 
spread in a tray and allowed to dry in shade at room 
temperatures 
The pastes containing 2 g each of neem (Azadirachta 
indica Juss.) and groundnut (Arachis hypogea Linn.) cakes 
in 5 ml synthetic neutral gum were prepared separately. 
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To these pastes, 10 g seeds of cowpea were transferred sepa-
rately and the container was shaken thoroughly. The treated 
seeds were spread over a tray and allowed to dry in shade 
at room temperature. 
Freshly collected green leaves of neem (Azadirachta 
indica JussO were sterilized in 0.1% mercuric chloride solu-
tion for two minutes and subsequently washed thrice in 
sterilized distilled water. These leaves were dried in oven 
at 60_+2°C for 2A hours and made into fine powder, A paste 
containing 2 g of neem leaf pov/der in 5 ml neutral synthetic 
gum was prepared and 10 g seeds of cowpea were transferred. 
The container was shaken thoroughly, the treated seeds were 
spread over a tray and allowed to dry in shade at room tem-
perature. 
Seeds were treated with fungus filtrate by soaking 
them in S/2 concentration of the culture filtrate for 15 
minutes. 
Hundred seeds were first separately treated with each 
pesticide,oil-cake, leaf powder paste or fungus filtrate 
before sowing in 6" clay pots containing 1 kg autoclaved 
soil and at the same time inoculated with the individual test 
pathogen or with their different combinations. Hundred 
untreated, inoculated and uninoculated seeds were sown to 
serve as control. Properly labelled pots, after a light 
watering, were randomly arranged on the glass house bench 
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and left for 10 days at 25-30°C. At the end of this period 
the number of seedlings that emerged in each pot was counted. 
Adequate soil moisure was maintained by providing regular 
light irrigation. 
For studying the effect on plant growth and nematode 
multiplication the seedlings raised from treated as well as 
untreated seeds were inoculated individually and concomitantly 
with R.reniformis, M.incognita and R.solani. 
(x) ANALYSIS OF NPK FROM LEAVES AND ROOTS : 
The plants were uprooted carefully after 60 days 
of inoculation and shoot and root systems were washed gently 
with double distilled water. Fully mature leaves were picked 
up and some part of the root system from inoculated and un-
inoculated replicates, dried in an oven at 78+2"C separately 
for 24 hrs. The dried material was grounded into fine powder 
and passed through 12 mesh sieve. The powder was kept in a 
desiccator so as to ensure the availability of perfectly dry 
material. 
The leaf and root powders were digested for determining 
the NPK contents by the method of Lindner (1944) briefly 
described below. 
100 mg of the dried leaf or root of each sample was 
wei,^ ~hed and carefully transferred to a 50 ml Kjeldahl flask. 
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Two ml of chemically pure sulphuric acid of 1«8A specific 
gravity was carefully added to allow complete reduction of 
nitrates present in the plant material and heated gently 
till the sample was partially dissolved. The heating was 
continued for about 2 hrs. Dense fumes ceased to come out 
at this stage and the contents turned black. The flasks 
were cooled for 15 minutes. After cooling 0,5 ml chemically 
pure 30 percent hydrogen peroxide was added dropwise and 
the solution was heated again till it changed from black 
to light yellow colour. After heating for about 30 minutes 
the flasks were left for cooling for 10 minutes. To get 
the extract clear and colourless, 3 or 4 drops of hydrogen 
peroxide were added followed by gentle heating for about 10 
minutes,care was taken in the addition of hydrogen peroxide 
because its excess might oxidise the ammonia in the absence 
of organic matter. Later, double distilled water was added 
to it and then transferred with a number of washing to 50 ml 
volumetric flask and made upto a volume of 50 ml with more 
double distilled water. 
Suitable aliquots, for determining Nitrogen, 
Phosphorus and Potassium contents, were taken from these 
sulphuric acid peroxide digested samples. The methods 
employed for the estimation of .these elements are briefly 
described below: 
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(a) NITROGEN ESTIMATION 
The Nitrogen content of the sample was estimated 
after Nesselerisation as described by Lindner (19^^). 
About 10 ml of the peroxide digested material was 
transferred to 50 ml volumetric flask and the excess of acid 
partially neutralized with 2 ml of 2,5 N Sodium hydroxide. 
To this, 1 ml of 10% Sodium silicate was added to prevent 
turbidity. The volume was made upto 50 ml with double 
distilled water and 5 ml aliquot of this solution was taken 
in a 10 ml graduated test tube and Oo5 ml of Nesselers 
reagent (3,5 gms of KI dissolved into 100 ml of double dis-
tilled water to which about 325 ml of h% HgClp was added with 
stirring and then 120 gms of NaOH dissolved in 250 ml of 
distilled water is added with stirring. Some more mercuric 
chloride was added to avoid turbidity. Volume was maintained 
at 1 litre. It was kept overnight and supernatant was used 
1 
next day. This reagent kept in a dark coloured bottle 
because of its photosensitivity) was added drop by drop, 
shaking thoroughly after the addition of each drop. Double 
distilled water was added to make the volume upto 10 ml and 
the contents were allowed to stand for 5 minutes to attain 
the maximum colour development. The solution was then 
transfer ed to colorimetric tube and its optical density 
measured at 525 nm using a "Spectronic 20" colorimeter, 
A blank (9,5 ml double distilled water + 0,5 ml Nesseler's 
reagent) was run wj^-^h each set of deter^minations. The amount 
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of Nitrogen in the aliquot was read from calibration curve, 
obtained by using knovm dilutions of a standard ammonium 
sulphate solution, v/hich followed Beer's law. 
(b) PHOSPHORUS ESTIMATION : 
Total phosphorus in the sulphuric acid-peroxide 
digest was estimated by the method of Fisl<e and Subba Row 
(1925). A 5 ml aliquot was taken in a 10 ml graduated test 
tube and 1 ml molybdic acid (2,5 percent ammonium molybdate 
in 10 N HpSO, ) was added with care, followed by 0,4 ml of 
amino-2-napthol-4-sulphonic acid. The colour turned to blue. 
Distilled water was then added to the blue solution to make 
the volume upto 10 ml. The solution was shaken thoroughly, 
kept to stand for five minutes and then transferred to a 
coloriraetric tube. The optical density was read at 620 nm 
on a "Sp'ectronic 20" colorimeter. A blank was run for each 
determination. The standard curve was prepared by using 
known concentrations of monobasic potassium phosphate solution. 
• 
(c) POTASSIUM ESTIMATION : 
Potassium was estimated flame photometerically, A 
10 ml aliquot was taken and it was read by using potassium 
filter, A blank was run side by side. The readings were 
compared with a calibration curve plotted for different 
dilutions of a standard potassium sulphate solution. 
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(xi) ESTIMATION OF PROLINE FROM LEAVES AND ROOTS : 
Estimation of free proline from leaf and root tissues 
was made by using Ninhydrin method (Bates _et al. ,1973). 
Fresh leaves, weighing 200 mg were homogenized in 
10 ml of 30% aqueous sulfosalicylic acid and the homogenate 
filtered through Whatman filter paper No.2, Five ml of 
filtrate was reacted with 2 ml acid-ninhydrin (Acid-ninhydrin 
was prepared by warming 1.25 g ninhydrin in 30 ml glacial 
acetic acid and 20 ml 6M phosphoric acid (407 ml/l) with 
agitation, until dissolved) and 2 ml of glacial acetic acid 
in a test tube and incubated for 1 hour at 100*0 in a hot 
water bath. Later, tubes were transferred to an ice bath 
to terminate the reaction. Four ml toluene was added to 
the contents of the tubes and the contents were mixed 
vigorously using a test tube stirrer for 15-20 seconds. The 
chromatophore containing toluene was aspirated from the 
aqueous phase and absorbance of this solution was read at 
520 nm in a colorimeter. Toluene was used for blank. 
Proline concentration was determined from a standard curve 
prepared with proline and calculated its amount on fresh 
v/eight basis by using the following formula : 
[2(ug proline/ml x ml toluene)/115.5 Jdg/p mole// 
(g sample)/5J = ju moles proline/g of fresh 
weight material. 
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(xii) ESTIMATION OF LEGHAEMOGLOBINFROM NODULES : 
Benzidine hydrogen peroxide method (Proctor,I963) 
was used for the estimation of leghaemoglobin. 
Nodules were picked up from the roots and washed 
thoroughly with double distilled water. Fresh nodular 
tissue weighing 500 mg was crushed and homogenized in 9 ml 
of trie-acetic acid buffer (0,1 M acetic acid plus 0.2 M 
tris (hydroxylmethyl) amino methane to obtain a pH of 4.0). 
The horaogenate was kept overnight in a deep-freezer to 
get complete extraction of leghaemoglobin. The homogenate 
was shaken from time to time to facilitate extraction. The 
volume of homogenate was made up to 10 ml by adding tris-
acetic acid buffer and centrifuged at 3000 rpm for 20 minutes. 
The supernatant was collected in a test tube. An aliquot 
of 0.5 ml of supernatant was diluted to a final volume of 
A.O ml with tris-acetic acid buffer. To this, 2 ml of 
freshly prepared benzidine reagent (100 mg benzidine with 
0.5 ml of hydrogen peroxide of 100 percent by volume added 
to 50 ml absolute alcohol) was added. The colour density 
was measured at 66O nm on spectorphotometer. The results 
have been expressed in bovine haemoglobin equivalents. 
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(xiii) DETERMINATION OF WATER ABSORPTION CAPACITY OF 
COWPEA ROOTS : 
After 50 days of inoculation the plants were up-
rooted and washed gently to avoid any damage to plant 
tissues. These plants were kept singly in 500 ml Erlenmeyer 
flasks containing a known amount of water (300 ml) with 
the support of cotton plugs. Flasks having cotton plugs and 
only water served as control. These flasks were kept on 
glasshouse bench with temperature ranging from 30-3^*, The 
plants were taken out of the flasks after 24 hours and the 
remaining quantity of water was measured. Amount of water 
lost from the unplanted flasks was deducted from the amount 
of wat°r lost from the flasks having plants and the diffe-
rence gave the actual amount of water lost by plants or in 
other words amount of water absorbed by the roots. 
(xiv) STUDIES ON THS EFFECT OF FUNGAL FILTRATES ON : 
(a) MORTALITY AND HATCHING 
Effect of culture filtrates of nine soil fungi 
(Alternaria tenuis Nees, Aspergillus clavatus Desraazieres, 
Gunninghamella echinulata Thaxter, Curvularia lunata (Walker) 
Boedinjn, Fusarium solani (Kortius) Appel and Wollenweber, 
Penicillium citrinum Thorn, Rhizoctonia solani Kuhn, Rhizopus 
nigricans Ehrenberg and Trichoderma viride Persoon) isolated 
from the rhizosphere of cowpea and of Paecilomyces lilacinus 
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(Thorn) Samson (obtained from Dr. P.Jatala) was studied 
on the mortality and hatching of M.incognita and R.reniformis. 
These fungi were grown for 15 days in 150 ml of 
Richardfe medium. Fungal filtrates were obtained by filter-
ing 15 days old culture through Whatman filter paper No.1. 
Filtrates, thus obtained and freshly prepared sterilized 
Richard's medium were clarified by centrifugation at 6000 
rpm for 15 minutes and were taken as standard solutions "S". 
Different dilutions (S/2, S/10 and S/100) of each fungal 
filtrate and Richard's medium were prepared by adding required 
amount of distilled water. 
Sterilized petridishes of 5 cm diameter were 
separately pipetted with 5 ml of each dilution of fungal 
filtrate and Richard's medium. Two drops of 0,1% solution 
of Strepto-nycin sulphate were added to each dish for avoiding 
bacterial contamination. One hundred freshly hatched 
sterilized larvae of M.incognita or immature females of 
R.reniformis were separately transferred to each dish. Equal 
number of specimens of each nematode species was also 
transferred to separate petridishes containing sterilized 
water to servea as control. After 12, 24, 48 and 96 hours 
the number of immobilized nematodes were counted under 
stereoscopic microscope. Apparently immobilized nematodes 
were first transferred to distilled water for an hour to 
ascertain their mobility. If they failed to regain mobility 
they were considered dead. 
\l 
For determining, the effect of fungal filtrate on 
Q 
cumulative larval hatch of root-knot and reniform nematode, 
5 sterilized healthy egg masses of nearly uniform size of 
each nematode species were transferred to 5 cm diameter 
petridishes containing 5 ml filtrate of different dilutions 
(S, S/2, S/10 and S/100) of each fungus and Richard's medium, 
separately. The egg masses placed in sterilized distilled 
water served as control. All petridishes including those 
of mortality test were kept at 25°C in an incubator. Total 
number of hatched out larvae in each petridish was counted 
after 5 days under stereoscopic microscope, 
(b) FUNGUS GROWTH : 
For determining the effect of culture filtrate of 
different fungi on the growth of R.solani, 25 ml filtrate of 
different dilutions (S, S/2, S/10 and S/100) of each fungus 
was seTDarately added in 175 ml Richard's medium contained in 
Erlenraeyer flask of 500 ml capacity. Flasks containing 
Richard's medium alone (200 ml) served as control. These 
flasks were inoculated with R.solani and incubated at 25°C, 
After 15 days the mycelial mats were removed, gently pressed 
between the folds of blotting paper to remove the excess 
amount of water and weighed. 
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2.10 RECORDING OF OBSERVATIONS : 
(i) PLANT GROV/TH X)ETERMINATION : 
Plants were uprooted after 60 days of inoculation, 
except stated otherwise. Roots were washed thoroughly in 
slow running tap water. Utmost care was taken to avoid loss 
and injury of root system during the entire operation. For 
measuring length and weight, the plants were cut with a sharp 
knife Just above the base of root emergence. Length of shoot 
and root was recorded in centimeters from the cut end to the 
tip of first leaf and the longest root respectively. The 
excess water of plants, was removed by putting them between 
the two folds of blotting sheets for some time before 
weighing them separately. The weight was recorded in grams. 
For measuring dry weight, the shoot and root were kept in 
envelops separately for drying in an oven running at SO^C 
for 24 hours. For interpretation of results, the reduction 
in plant growth was calculated in terms of percentage dry 
weight reduction. 
(ii) ROOT-NODULE ESTIMATION : 
Nodulation was estimated by counting the number of 
nodules per root system. 
(iii) ROOT-KNOT ESTIMATION : 
Intensity of root-knot index was categorized on the 
basis of the following scale: 
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0 = No galling 
1 = 1-25 galls/plant 
2 = 26-50 galls/plant 
3 = 51-75 galls/plant 
h = 76-100 galls/plant 
5 =100 galls onward/plant 
(iv) NEMATODE POPULATION ESTIMATION; 
For extraction of nematodes the soil from each 
treatment was mixed thoroughly and a sub-sample of 200 g 
soil was processed through sieves according to Cobb's 
sifting and gravity method followed by Baermann funnel 
technique. 
Each suspension was collected in a beaker and volume 
made upto 100 ml. For proper distribution of nematodes, the 
suspension was bubbled with the help of pipette and 10 ml 
suspension of each sample was dravk-n and transferred to a 
counting dish. The number of nematodes were counted in three 
replicates from each sample. Mean of three such countings 
was calculated and the final population of nematodes/kg soil 
was determined. 
To estimate the nematode population in roots, 1.0 g 
root from each replicate was macerated with enough water in 
an electrically operated waring blender for about 30 to 40 
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seconds. The macerate was collected in a beaker and volume 
made upto 100 ml. The nematode population was counted as 
described above. Reproduction factor (R) of each nematode 
Pf 
species was calculated by the formula R = pT where 
Pf represented the final and Pi initial population of the 
nematode. 
Throughout these studies each treatment was repli-
cated thrice and uninoculated plants were kept as control. 
Watering was done after 24 hours, 
2,11 STATISTICAL ANALYSIS : 
The data obtained were analysed statistically and 
significance calculated at 5 and 1% level of probability. 
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CHAPTER - III 
RESULTS 
3.1 RACE IDENTIFICATION OF RENIFQRI^ l AND ROOT-KNOT NEMATODES: 
Since biological races are known to occur, both 
in Meloidofiyne incognita and Rotylenchus reniformls, it 
was considered desirable to study the cultures of root-
knot and reniforra nematodes used in the present investi-
gations and identify their races before initiating the 
research work so that the results obtained may be inter-
preted more scientifically and with authenticity. 
The data presented in Table-1 and Appendix-1 
showed that my R.renformis population attacked all three 
test plants (i.e. cowpea, dastor and cotton) resulting 
in significant plant growth reduction, cowpea, castor 
and cotton plants suffered 46.53» 55.94 and 40,67% reduc-
tion respectively in their plant growth as a result of 
inoculation with R.reniformis. Nematode multiplication 
was also significantly high on all three test plants 
(14.70, 17.25 and 10.03). Thus, following Dasgupta & 
Seshadri- (1971) the population of R.reniformis used in 
my experiments is identified to belong to race-'A'. 
The data presented in Table-2 and Appendix-2 clearly 
indicate that out of 6 differential host plants only 2 viz. 
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peanut (Florunner) and tobacco (NC-95) showed negative 
response to M.incognita culture. There were no significant 
differences in the plant growth reduction of uninoculated 
and M.incognita inoculated plants. The other 4 test plants 
viz.tomato (Rutgers), pepper (California Wonder), Water-
melon (Charleston Gray) and cotton (Deltapine-16), on the 
other hand, showed susceptible reaction exhibiting signi-
ficant reductions in their growth. Tomato suffered maximum 
plant growth reduction (55.70%) followed by pepper (51.20%), 
watermelon (43.82%) and cotton (39.63%). 
There was no nematode multiplication on tobacco and 
even the final nematode population was less than the initial 
inoculum (R=0.03) because the nematodes failed to reach 
maturity. Only 27 female larval stages could be detected 
from the infected roots. Similarly, in the case of peanut 
also, no nematode could be extracted either from the soil 
or the root system on termination of the experiment. 
Nematode multiplication was, however, significantly high on 
tomato, pepper, watermelon and cotton as evident by their 
respective reproduction factors (R = 11.64, 10,12, 7.44 and 
6,28). Number of galls and egg masses 236 and 277 
respectively) were maximum on tomato and lowest (92 and 
123 respectively) on cotton. Following Taylor and Sasser 
(1978) the test plants with an average gall and egg mass 
index of 2 or less were considered resistant (-) and the 
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plants supporting moderate to high reproduction with an 
average gall and egg mass index more than 2 as susceptible 
(+). Thus, the response of differential host plants to my 
M.incognita population confirmed that it belonged to race-3. 
3.2 EFFECT OF DIFFERENT INOCULUM LEIVELS EACH OF R.RENIFORMIS, 
M.INCOGNITA AND R.SOLANI ON PLANT GROWTH AND NEMATODE 
MULTIPLICATION : 
It is evident from the data presented in Table-3 and 
Appendix-3 that, irrespective of the pathogen, the percentage 
plant growth reduction was directly proportional to the 
inoculum level (Figs« 1 to 4), Inoculation of plants with 
10, 100, 1000 and 10,000 immature females of R.reniformis 
resulted in 0.41, 3.57, 21.33 and 30.20% plant growth 
reduction. Low inoculum levels (10 and 100) though caused 
insignificant increases in root nodulation (8 and 4% respec-
tively) but the higher inoculums (1000 and 10,000) resulted 
in significant decreases (26.67 and 40.00% respectively) 
(Figs. 1 and 4-A). On the other hand, corresponding inoculum 
levels of M.incognita caused 6.84, 15.10, 30.82 and 43,26% 
plant growth reduction. Lower inoculums of M.incognita too 
haa no significant effect on nodulation but the higher 
inoculums (1000 and 10,000) caused significant decreases 
i.e. 40.00 and 53.33% respectively (Figs.2 and 4-B). Similarly, 
when the seedlings were inoculated with Oo25, 0.50, 1,0 and 
2.0 g mycelium of R.solani, the reduction in plant growth was 
TAELE - 3 : Effect of different inoculum levels each of R.reniformis, H.incognita and R.solani on 
plant growth and nematode multiplication. 
Treatments 
(Inoculum 
level^ 
Dry weight "g" Nematode population 
Shoot Root Total Percentage 
reduction 
over 
control 
Number of Number of 
larvae/kg females/ Total 
soil g root 
Pf 
Pi 
C o n t r o l 
R . r e n i f o r m i s 
10 
100 
1000 
1 0 , 0 0 0 
L . S . D . ( a t 
L . S . D , ( a t 
596 1, 
196 I, 
M , i n c o g n i t a 
10 
100 
1000 
10 ,000 
L . S . D . ( a t 
8 .10 
8 . 0 3 
7 . 8 8 
6.A1 
5 .71 
s v e l ) 
e v e l ) 
7 . 4 9 
6 . 8 9 
5 . 6 7 
A.64 
5% l e v e l ) 
L . S . D . ( a t 1% l e v e l ) 
R . s o l a n i 
0 . 2 5 g 
0 . 5 0 g 
1 .00 g 
2 . 0 0 g 
L . S . D . ( a t 
L . S . D . ( a t 
6 . 8 0 
6 . 1 3 
A.71 
3 . 5 8 
5% l e v e l ) 
1% l e v e l ) 
1.70 
1.73 
1.57 
1 .30 
1 .13 
1.64 
1 .43 
1.11 
0 . 9 2 
1.41 
1.27 
0 . 9 5 
0 . 7 4 
9 . 8 0 
9 . 7 6 
9 . 4 5 
7 .71 
6 . 8 4 
0 . 6 8 0 
0 . 9 8 9 
9 . 1 3 
8 .32 
6 . 7 8 
5 .56 
1.079 
1 .573 
8.21 
7 . 4 0 
5 . 6 6 
4 . 3 2 
2 . 0 5 0 
2 .982 
-
0 .41 
3 . 5 7 
2 1 . 3 3 
3 0 . 2 0 
• 6 . 8 4 
1 5 . 1 0 
3 0 . 8 2 
4 3 . 2 6 
1 6 . 2 2 
2 4 . 4 9 
4 2 . 2 4 
5 5 . 9 2 
R o o t -
k n o t 
i n d e x 
Number 
of 
n o d u l e s 
/ r o o t 
sys tem 
P e r c e n 
t a g e 
S t imu-
l a t i o n 
( + ) o r 
r e d u c -
t i o n 
( - ) o v e r 
c o n t r o l 
533 
3767 
12667 
15767 
75 
27 
67 
213 
313 
560 
3834 
12880 
16080 
978 
1482 
56.00 
38.34 
12.89 
1.61 
81 
78 
55 
45 
6 . 3 3 9 
9 . 2 2 3 
+ 8 . 0 0 
+ 4 . 0 0 
- 2 6 „ 6 7 
- 4 0 . 0 0 
970 
5330 
18567 
22600 
60 
93 
* 293 
367 
1030 
5423 
18850 
22967 
1659 
2514 
1 0 3 . 0 0 
5 4 . 2 3 
1 8 . 8 6 
2 . 3 0 
0 . 4 4 
1.04 
3 .20 
4 . 4 0 
0 . 6 6 8 
1.012 
8, 
12, 
77 
67 
45 
35 
.350 
.148 
+ 2 . 6 7 
- 1 0 . 6 7 
- 4 0 . 0 0 
- 5 3 . 3 3 
66 
62 
40 
32 
9 . 8 4 0 
1 4 . 3 1 6 
- 1 2 . 0 0 
- 1 7 . 3 3 
- 4 6 . 6 7 
- 5 7 . 3 3 
FIG.1 : Effect of different inoculum levels of 
R,reniformis on plant growth, 
C = Uninoculated (Control) 
1 = 10 nen.atodes/pot 
2 = 100 nematodes/pot 
3 = 1000 nematodes/pot 
k = 10,000 nematodes/pot 
FIG. 1 
FIG.1 : Effect of different inoculum levels of 
R.reniformis on plant growth, 
C = Uninoculated (Control) 
1 = 10 nematodes/pot 
2 = 100 nematodes/pot 
3 = 1000 nematodes/pot 
4 = 10,000 nematodes/pot 
FIGo2 : Effect of different inoculum levels of 
M.incognita on plant growth. 
C = Uninoculated (Control) 
5 = 10 nematodes/pot 
6 = 100 nematodes/pot 
7 = 1000 nematodes/pot 
8 = 10»000 nematodes/pot 
[PATHOGENICITY! 
TE 
^ 6 
i. '"Sf^ 
^ 
; ' ' 
V . L 
i 
I 
Fia.3 : Effect of different inoculum levels of R.solani 
on plant growth, 
C = Uninoculated (Control) 
9 = 0.25 g fungus/pot 
10 = 0,50 g fungus/pot 
11 = 1,00 g fungus/pot 
12 = 2.00 g fungus/pot 
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FIG.5-A ; Nodules (N) developed on gall (G) 
FIG.5-B : Nodule (N) developed on gall, over which 
small gall (G) present with two egg-
masses (EM). 
FIG.5-A 
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16.22, 24.A9, 42.24 and 55.92% and reduction in nodulation 
was 12cOO, 17.55, 46.67 and 57.55^ respectively (Figs.3.and 
4-C). 
Some plants receiving higher inoculums of M.incognita 
aeveloped fev; nodules over the galled root portion (Fig,5-A) 
and rarely a snail gall v/as seen over the nouule with exposed 
e^ g mass (Fig.5-B). 
The final nematode population was highest (R.reniformis 
= 16080 and M.incognita = 22967) in and around plants 
inoculatea with 10,000 neraatodes/plant and lowest (R.reniformis 
= 560 and M.incognita = 1050) in and around plants inoculated 
with only 10 nematodes/plant, A significant linear relation-
ship appeared betv/een the initial (Pi) and final populations 
(Pf). The maximum reproduction factor (R.reniformis = 56,00 
and M.incognita = 105.00) was obserbed at the lowest and the 
minimum (R.reniformis = 1.61 and M.incognita = 2,30) at the 
highest inoculum levels. Thus, the multiplication rate of 
both R.reniformis and M.incognita, showed declining trend with 
the increasing initial inoculum levels suggesting it to be a 
density dependent pnenomenon. There was a corresponding 
increase in the root-'<:no"c index with the increase of initial 
inoculum levels. The root-knot index was 0o44, 1o04, 5.20 
and 4.40 when the initial inoculum consisted of 10, 100, 1000 
and 10,000 n^ -mcitodes/plant respectively (Table-5 and Fig.4-A,B). 
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Since inoculation of plants with 1000 juveniles of 
either nematode species or with 1 g fungus caused significant 
reductions in growth and nodulation even at 1% these 
inoculum levels were invariably used in my other experiments, 
3.3 EFFECT OF INTERACTIONS OF DIFFERENT INOCULUM LEVELS OF 
R. RENIFORMIS, M.INCOGNITA AND R.SOLANI ON PLANT GROWTH 
AND DISEASE DEVELOPMENT 
Data presented in Table-4, Fig.6 and Appendix~IV 
clearly indicate that with an increase in inoculum level in 
single inoculations (from 250 to 750 nematodes and from 0,25 
to 0,75 g fungus/plant) there was, in general, correspondingly 
significant decrease in plant growth parameters but in cases 
of combined inoculations the degree of their individual* 
effect was modified to a greater or lesser extent. Lowest 
inoculum level, in general, was not very destructive. Indivi-
dually, the highest inoculum levels of R.reniformis or 
M.incognita (750 nematodes) or R.solanl (0.75 g^' fungus) 
caused greatest percentage reduction in growth (17.84, 25,97, 
and 32.06 respectively) and nodulation (20o19, 30,76 and 
34.61 respectively) of plants. The corresponding lowest 
inoculum levels, on the other hand, caused only 4,99> 15.79 
and 10,45% reduction in plant growth and 2,88, 13.46 and 
6.73% in nodulation. Combined inoculations with M.incognita 
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and R.solani were more damaging than the combined inoculations 
with M.incognita and R.reniformis or with R.reniformis and 
R.solani. 
In cases of nematode-nematode inoculations using 
variable inoculums of root-knot and reniform nematodes, the 
highpst reduction in plant growth (31.51?^ ) and nodulation 
(35.57%) was observed when 750 larvae of M.incognita and 250 
young females of R.reniformis were combinedly inoculated 
while the corresponding reductions (23.37 and 27.88%) were 
lowest when the inoculum levels of the two nematode species 
were reversed (i.eo at 250 larvae of M.incognita and 750 
young females of R.reniformis). in case of nematode-fungus 
(R.reniformis and R.solani or M.incognita and R.solani) the 
greatest reductions in plant growth (41,83 and 51.19%) and 
nodulation (49.04 and 56,63%) were caused when the nematode 
inoculum was minimum (250 nematodes) and the fungus inoculum 
maximum (0,75 g /pot) but when the nematode inoculum of 
either nematode was highest and the fungus inoculum lowest 
the decreases in plant growth and nodulations were lowest. 
The final neiiatode population was highest (R.reniformis = 
7,293 and M.incognita = 10,619) in and around roots of plants 
inoculated with 750 nematodes and lowest (R.reniformis = 
3166, M.incognita = 4746) in and around roots of plants 
inoculated with only 250 nematodes/plants, A significant 
linear relationship appeared between the initial population(Pi) 
IID Plant growth @ Modulation ^ Reproduction factor of R.reniformis 
n Reproduction factor of M.incognita D Root-knot index 
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FIG.6 : Effect of interactions of different inoculum 
levels of R.reniformis, M.incognita and 
R.solani on plant growth and nematode multi-
plication. 
T^  = 250 immature females of R.reniformis/pot 
T2 = 500 immature females of R.reniformis/pot 
T^ = 750 immature females of R.reniformis/pot 
T^ = 250 larvae of M.incognita /pot 
Tc = 500 larvae of M.incognita / pot 
% ~ ^'^^ larvae of^M.incognita / pot 
Ty = 0.25 g R.solani / pot 
Tg = Oo50 g R.solani / pot 
TQ = 0,75 g R.solani / pot 
T-Q= 750 larvae of M.incognita + 250 immature . 
females of R.r'eniformis / pot 
T^ =^ 500 larvae of M.incognita + 500 immature 
females of R.r'eniformis / pot 
'^ 12" ^^^ larvae of M.incognita + 750 immature 
females of R.r¥niformis / pot, 
T.,,= 750 immature females of R.reniformis + 0.25 g 
R.solani / pot 
T^ ,= 500 immature females of R.reniformis + 0.50 g 
R.solani / pot 
T-,c= 250 immature females of R.reniformis + 0.75 g 
R.solani / pot 
T^c= 750 larvae of M.incognita + 0.25 g R.solani/pot 
T>jy= 500 larvae of M.incognita + 0.50 g R.solani/pot 
T^ Q= 250 larvae of M.incognita + 0.75 g R.solani/pot 
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and the final population (Pf). The highest reproduction 
factor of nematodes (R.reniformis = 12,66 and M»Incognita = 
18.98) was observed when their initial inoculums were lowest 
(250 nematodes/plant) but their reproduction factor was 
lowest (R.reniformis = 9.72, M.incognita = 14,16) when their 
initial inoculum were highest (750 nematodes/plant). The 
multiplication rate of both, R.reniformis and M.incognita 
thus showed declining trend with the increasing initial 
inoculum levels suggesting it to be a density dependent 
phenomenon. Low inoculum level of either nematode species 
did not significantly affect the multiplication rate of other 
nematode species when present together whereas, equal inoculum 
levels 01 both tne nematode species, in combined inoculation, 
significantly inhibited the multiplication rate of one 
another although the inhibitory effect was more pronounced 
on reniform nematode. Highest inoculum level of each 
nematode species inhibited the multiplication of other 
nematode, of which the lowest initial inoculum was used, 
to the greatest extent. In simultaneous inoculation of 750 
M.incognita + 250 R.reniformis, the reproduction factor 
of M.incognita and R.reniformis was 14,88 and 5.97 respec-
tively, while, in the treatment with 750 R.reniformis + 
250 M.incognita, the reproduction factor of reniform and 
root-knot nematode was 9.43 and 9.44 respectively. All 
inoculum levels of the fungus inhibited the multiplication 
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of reniiorm and root-knot nematode species quite significantly. 
The inhibitory effect was more when the highest inoculum of 
fungus was used in combination with lowest inoculum level of 
either M.incognita and R.reniformis. The reproduction factor 
of reniform and root-knot nematode in this treatment was 0.96 
and 4.29 respectively. 
Root galling was significantly increased with the 
increase in inoculum levels of M.incognita. The root-knot 
index was 1,76, 3,00 and 3,44 against the inoculum levels 
of 250, 500 and 750 root-knot larvae/pot respectively. All 
inoculum levels of the fungus, significantly reduced the 
root-knot indices at different inoculum levels. 
3o4 EFFECT OF INDIVIDUAL, CONCOMITANT AND SEQUENTIAL INOCULATIONS 
OF RHIZOBIUM, R.RENIFORMIS, M.INCOGNITA AND R.SOLANI ON PLANT 
GROWTH AND NEMATODE MULTIPLICATION : 
(i) EFFECT OF INDIVIDUAL AND CONCOMITANT INOCULATIONS ON 
PLANT GROWTH 
It is evident from the data presented in Table-5; 
Fig3. 7 A to E; 8 A to D and Appendix-5; that Rhizobium 
inoculated plants showed significantly improved growth 
(11,47 g plant grov,'th and 120 nodules per root system) than 
uninoculated plants (9.01 g plant growth and 13 nodules per 
root system). V/hen the seedlings were inoculated with 
R.reniformis, M.incognita or R.solani alone or concomitantly 
TABLE-5 Effect of individual, concomitant and sequential Inoculation of Rhizobium, R.reniformls, H.Incognita 
Treatments 
Unlnoculated 
Bacterlzed 
( Control) 
Unlnoculated 
unbacterlzed 
Rr* 
Rr*Rh» 
Mi* 
Hi+Rh 
Rs« 
Rs+Rh 
Rr+Mi 
Rr+Ml+Rh 
RrtRs 
Rr+Ra+Rh 
Mi*R3 
^T?Ra*Rh 
Rr+Mi+Rs 
Hr*Ml+Rs+Rh 
Rh-tRr 
Rr-»Rh 
Rh-yMi 
Ml-'»Rb 
Rh->Rs 
Ra-^Oh 
Rr*f>b-mi 
Ml+Rh-#Rr 
Rs*Rh-*Rr 
Rr+Rh-»R« 
Rs+Rh-#M1 
Ml+Rh-fRa 
Rh—)Mi+Rr 
Ml+Rr-*Rh 
Rh->M1+R3 
Ml*R3->Rh 
Rh-^Rr+Rs 
Hr+Rs->Rh 
ah->Rr*Mi*Rs 
^r+Mi*Rs->Rh 
L.S.O.(at 5% 
L.S .D. (a t ^% 
and R.: 
1 
solanl 
3ry we: 
Shoot Root 
6.6U 
:- 6.84 
1 
5.08 
6.88 
Aj,31 
5.92 
3.61 
5.35 
2.50 
4,07 
1.85 
3.51 
1jii»4 
2.29 
0.79 
1.69 
7.66 
6.30 
6.70 
5.31 
5.96 
4 .65 
5.33 
4.41 
4.84 
3.89 
3.98 
2.61 
5.56 
3.45 
4.04 
1.59 
4 .94 
2.95 
2.38 
1.21 
l e v e l ) 
l e v e l ) 
2 .83 
2.17 
1.58 
2.17 
1.31 
1.91 
1.18 
1.69 
0.75 
1.25 
0.59 
1.09 
_0.39 
0.66 
0.29 
0.51 
2.46 
1.99 
2.15 
1.69 
1.89 
1.48 
1.76 
1.39 
1.53 
1.17 
1.22 
0.75 
1.78 
1.00 
1.26 
0.51 
1.52 
0.87 
0.66 
0.54 
on cowpea plant growth and 
Lght "g" 
Percen 
tage 
reduc 
Total t ion 
over 
control 
11.47 -
9.01 21.45 
6.66 41.93 
9.05 21,09 
5.62 51,P0 
?^83 31.73 
4.79 58.24 
7.04 38.62 
3.25 71.66 
5.32 53.62 
2.44 78.73 
4 .60 59.89 
1.83 84.04 
2.95 74.28 
1.08 90.58 
2.20 80.82 
10.12 11.77 
8.29 27.72 
8.85 22.84 
7.00 38.97 
7.86 31.65 
6 .13 46.55 
7.09 38.16 
5.80 49.43 
6.37 44.46 
5,06 55.86 
5.20 54.66 
3.36 70.70 
7.34 36.01 
4.45 61.20 
5.30 53.79 
2,10 81.69 
6.51 43.24 
3.62 66.70 
3.04 73.49 
1.55 86.48 
0.573 
0.758 
nematode mult: Lpllcation, 
Nematode Populatl 
R.reniformls 
Number Number Total 
of of f e -
larvae males 
/kg / g 
s o i l root 
-
-
11066 
8733 
-
-
-
-
8100 
6533 
7033 
5766 
' 0 
5333 
4633 
4966 
9700 
-
-
-
-
7500 
3866 
3533 
6500 
-
-
3867 
7533 
-
-
2733 
6466 
2766 
4700 
-
-
306 
226 
-
-
-
-
253 
186 
200 
153 
~ 
132 
93 
113 
253 
-
-
-
-
220 
120 
60 
180 
-
-
86 
233 
-
-
60 
153 
40 
140 
-
-
11372 
8999 
-
-
-
-
8353 
6719 
7233 
5919 
• : 
5465 
4726 
5079 
9953 
-
-
-
-
7720 
3986 
3593 
6680 
-
-
3953 
7766 
-
-
2793 
6619 
2806 
4840 
" " FT 
-
-
11.37 
9.00 
-
-
-
-
8.35 
6.72 
7.23 
5.92 
-
5.46 
4 .73 
5.08 
9.95 
-
-
-
-
7.72 
4 .00 
3.59 
6.68 
-
-
3.95 
7.77 
-
-
2.79 
6.62 
2.81 
4.84 
0.790 
1.059 
on 
M.incognita 
Number Number Total p^ 
of of f e - '^  " pf 
larvae males 
/kg / g 
s o i l root 
-
-
-
-
16566 
13333 
-
-
14066 
11600 
-
-
11266 
10000 
9433 
7966 
-
-
11000 
14733 
-
-
8166 
13766 
-
-
7000 
11000 
6633 
12833 
4866 
11566 
-
-
4972 
8733 
-
- 0 
-
- . 
' 526 
440 
-
-
452 
373 
-
-
352 
260 
266 
212 
-
-
260 
487 
-
-
193 
413 
-
-
100 
400 
200 
586 
152 
332 
-
-
140 
240 
-
-
-
-
17092 17.09 
13773 13.77 
-
-
14518 14.52 
11973 11.97 
-
-
11618 11.62 
10260 10.26 
9699 9.70 
8178 8 .18 
-
-
11260 11.26 
15220 15.22 
-
-
8359 8.36 
14179 1A.18 
-
-
7100 7,10 
11400 11.40 
6833 6.83 
13219 13.22 
5018 5.02 
11898 11.90 
-
-
5112 5.11 
8973 8.97 
Root-
knot 
index 
-
-
-
-
4.00 
3.56 
-
-
3.84 
3.00 
-
-
3.00 
3.05 
2.00 
1.93 
-
-
2.88 
3 .86 
-
-
1.78 
3.72 
-
-
1.53 
3.34 
1.74 
3.40 
0.86 
3.28 
-
-
0.75 
2.23 
1.263 0 .293 
1.694 0.390 
[•Jumber 
of no-
dules 
/ r o o t 
system 
120 
13 
00 
96 
00 
78 
00 
71 
00 
52 
00 
43 
00 
27 
00 
20 
111 
83 
103 
69 
93 
62 
69 
57 
65 
50 
55 
38 
80 
47 
59 
19 
66 
27 
24 
7 
6.685 
8.866 
Percen 
tage 
reduc-
t ion 
over 
control 
-
89.16 
100.00 
20.00 
100.00 
35.00 
100.00 
44.16 
100.00 
56.66 
100.00 
64 .16 
100.00 
77.50 
100.00 
83.30 
7,50 
30.83 
14.16 
42.50 
22.50 
^ . 3 3 
42.50 
52.50 
45.83 
58.33 
54.16 
68.33 
33.33 
60.83 
50.83 
84.16 
45.00 
77.50 
80.00 
94.16 
—* indicates the sequenc- of rhizobia/nenatode/fungus I5 days prior 
• ssioultaneous inoculation 
•Rr " Rotylenchulus rcnifomiis 
•Mi - Meloidogyne incof:nito 
•Rs ' Rhizoctonia solanl 
•Rh - Rhizobium 
FIG,7-A : Effect of individual and concomitant inocula-
tions of R.reniformis, M.incognita and R.solani 
I on plant growfti in the absence of Rhizobium. 
* C = Uninoculated-bacterized (Control) 
\ 1 = Uninoculated-unbacterized 
I 
\ 2 = R.reniformis inoculated 
3 = M.incognita inoculated 
4 = R.solani inoculated 
5 = R.reniformis + M.incognita inoculated 
6 = R.reniformis + R.solani inoculated 
7 = M.incognita + R.solani inoculated 
8 = R.reniformis + M.incognita + R.solani 
inoculated. 
- ^ : \ . 
^ i^ia- , C 
^ ^ . 
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FIG. 7-A 
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F^'^SOSXATIONI 
F(G. 7-A 
FIG.8-A : Effect of individual and concomitant inocula-
tions of R.reniformis, M.incognita and 
R.solani on plant growth and nematode multi-
plication in the presence or absence of 
Rhizobium 
UN 
R 
R+Rh = 
M 
M+Rh = 
F 
F+Rh = 
R + M = 
R+M+Rh= 
R+F = 
R+F+Rh= 
M+F 
M+F+Rh= 
R+M+F = 
R+M+F+Rh 
Uninoculated - unbacterized 
R.reniformis inoculated 
R.reniformis + Rhizobium inoculated 
M.incognita inoculated 
M.incognita + Rhizobium inoculated 
R.solani inoculated 
R.solani + Rhizobium inoculated 
R,reniformis + M.incognita inoculated 
R.reniformis + M.incognita + Rhizobium 
Inoculated "" 
R.reniformis + 
R.reniformis + 
Inoculated 
M.incognita + 
M.incognita + 
inoculated 
R.reniformis + M.incognita + R.solani 
Tnoculated "" " 
R.reniformis + M.incognita + R.solani 
+ Rhizobiuto inoc"ulated "" 
R.solani inoculated 
R.solani + Rhizobium 
R.solani inoculated 
R.solani + Rhizobium 
GA7EWAV G*-' 
ED Plant growth QE Nodulation M Reproduction factor of R• reniformi? 
• Reproduction factor of M.-incognita E ] Root-knot index 
100 
9 0 
80 
; 70 \ 
60 
? 5 0 
3 
a 
o 
z 
X 
o 
4 0 
3 0 
2 0 
10 
0 
UN 
I 1. X X 5 X I 
20 
18 
X 
X 
X 
X 
R R-»«h M M+Rh F+Rh R+M R+M+Rh 
12 X. 
m 
-o 
O 
o 
c 
6 3 
> 
o 
H 
O 
z 
< 
a. 
zlOO 
z 90 
O 
8 0 
7 0 
60 
5 0 
4 0 
3 0 
2 0 
10 
0 
o 
O 
i • 
R+F R+F+Rh M+F M+F+Rh R+M+F 
T R E A T M E N T S 
R+M+F+Rh 
73 
15 O 
o 
12 ^ 
O 
H 
9 
z 
o 
rn 
6 X 
F IG .8 -A 
140 
in different cojabinations (M.incognita + R.reniformis, 
R.reniformis + R.solanl, M.incognita + R.solani and 
R.reniformis + M.incognita + R.solani)there was, in each 
case, significant plant growth reduction but these reductions 
were significantly greater when plants were not bacterized. 
In other words bacterization of plants improved plant health 
enabling it to suffer less damage (Figs,7-A,B and 8-A). In 
the absence of bacterization, R.solani infection caused 
greatest plant growth reduction (3Q,2h%) followed by 51.00 
and 41.93% reductions caused by M.Incognita and R.reniformis 
respectively, whereas all three pathogens simultaneously 
caused 90.58% reduction. In the corresponding treatments of 
bacterized plants the plant growth reduction were 38,62, 
31.73, 21.09 and 80.82% respectively. In cases of combined 
inoculations with any two pathogens, the association of 
M.incognita and R.solani caused greatest plant growth 
reauction (84,04%) followed by the association of 
R.reniformis and R.solani (78o73%) and then by the associa-
tion of R.reniformis and M.incognita (71,66%), However, when 
the plants were previously bacterized the corresponding 
reduction were significantly less (74,28, 59.89 and 
53.62%). 
It was interesting to note that in the absence of 
Rhizobium all interactions, whether involving two or all 
three test pathogens, were negative but in the presence of 
FIG.7-E : Effect of individual and combined inoculations 
of R.reniformis, M.incognita and R.solani on 
plant growth in the presence of Rhizobium, 
C = Uninoculated bacterized (Control) 
9 = R.reniformis inoculated 
10 = M.incop;nita inoculated 
11 = R.solanl inoculated 
12 = R.reniformis + M.incognita inoculated 
13 = R.reniformis + R.solani inoculated 
14 = M.incognita + R.solani inoculated 
15 = R.reniformis+ M.incognita + R.solani 
inoculated. 
FIG. 7-B 
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FIG. 7-B 
FIG. 7-B 
FIG.7-C : Effect of Rhlzoblum and nematode/fungus inter-
action with reference to pre and post inocula-
t|:ons on plant growth. 
C = Uninoculated bacterized (Control) 
16 = Inoculated with Rbizobium 15 days prior 
R.reniformis. 
17'"= Inoculated with R.reniformis 15 days prior 
to Rhizobium 
18 = Inoculated with Rhizobium 15 days prior 
to M.incognita. 
19 = Inoculated with M.incognita 15 days prior 
to Rhizobium. 
20 = Inoculated with Rhizobium 15 days prior to 
{ R.solani. 
21 = Inoculated with R.solani 15 days prior to 
Rhizobium. 
FIG. 7-C 
SR^^^ 
-mm. 
dl.;.»^f^iwi'.^^^^^^£' 
FIG. 7'C 
FIG.8-B : Effect of Rhlzobium and nematode/fungus inter-
action with reference to pre and post inocula-
tions on plant growth and nematode multiplication. 
Rh — ^ R = 
R — ^ Rh = 
Rh — > M 
M — ^ Rh = 
Rh — ^ F 
F — ^ Rh = 
Inoculated with Rhlzobium 15 days prior to 
R.reniformis ' 
Inoculated with R.reniformis 15 days prior 
to Rhlzobium 
Inoculated with Rhlzobium 15 days prior to 
M.incognita. 
Inoculated with M.incognita 15 days prior 
to Rhlzobium " 
Inoculated with Rhlzobium 15 days prior to 
R.solan! 
Inoculated with R.solani 15 days prior to 
Rhlzobium 
FIG.8-G : Effect of sequential inoculation of plants 
; with Rhlzobium + any one of the test pathogens 
I . preceding the other pathogen on plant growth 
I and nematode multiplication, 
j 
R+Rh -:^  M = Inoculated with R.reniformis + Rhlzobium 
15 days prior to M.incognita 
M+Rh -•> R = Inoculated with M.incognita + Rhlzobium 
15 days prior to^R.reniformis 
F-t-Rh —^ R = Inoculated with R.solani + Rhlzobium 15 
days prior to R.reniformis 
R+Rh —> F = Inoculated with R.reniformis + Rhlzobium 
15 days prior to^R.solani 
F+Rh —> M = Inoculated with R.solani + Rhlzobium 
15 days prior to^M.incognita 
M+Rh —^ F = Inoculated with M.incognita + Rhlzobium 
15 days prior to R.solani 
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' Rhizoblum they tended to be positive except when all three 
I pathogens were inoculated, 
I 
: (ii) RHIZOBIUM AND NEMATODE/FUNGUS INTERACTION WITH REFERENCE 
TO PRE AND POST INOCULATIONS : 
i 
Inoculation of Rhizobium 15 days prior to any of the 
three test pathogens, either singly or in various combina-
tions, resulted in significantly less plant growth reductions, 
poor nematode multiplication, low root-knot index and improved 
nodulation as compared with the situations in which Rhizobium 
inoculation was done 15 days after inoculation with the test 
pathogen (Table-5; Figs, 7-C, 8-B and Appendix-5), 
Plants inoculated with R.solani 15 days prior to 
Rhizobium suffered greatest plant growth reduction (46,55%) 
while the plants inoculated with R.reniformis prior to 
bacterization suffered the least reduction (27.72%). Pathogenic 
effect of M.incognita,.on the other hand, was intermediate 
(38.97% reduction). 
(iii) EFFECT OF SEQUENTIAL (PRE AND POST) INOCULATION OF 
PLANTS WITH RHIZOBIUM + ANY ONE OF THE PATHOGEN 
i PRECEDING TI:E OTHER PATHOGEN ON PLANT GROWTH : 
? 
Sequential inoculation of plants with R.reniformis + 
Rhizobium prior to M.incognit_a caused only 38.18% reduction 
in plant growth while in the plants inoculated with M.incognita 
+ Rhizobium prior to R.reniformis there was 49.43% reduction. 
Growth reductions in these treatments were significant. 
FIG.7-D : Effect of sequential inoculation of plants 
with Rhizobium + any one of the test pathogens 
preceding the other pathogen on plant 
growth, 
C = Uninoculated bacterized (Control) ^ 
22 = Inoculated with R.reniformis + Rhizobium 
15 days prior to M.incognita 
23 = Inoculated with M,incognita + Rhizobium 
15 days prior to R.reniformis. 
24 = Inoculated with R.solani + Rhizobium 
15 days prior to R.reniformis. 
25 = Inoculated with R.reniformis + Rhizobium 
15 days prior to R.solani. 
26 = Inoculated with R.solani + Rhizobium 
15 days prior to M.incognita. 
27 = Inoculated with M.incognita + Rhizobium 
15 days prior to R.solani 
FIG. 7-D 
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FIG. 7-D 
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Similarly, when the plants were inoculated with R.solani and 
Rhizobium prior to R.reniformis the reduction was only 
44,46?6 which was not significantly different from the treat-
ment receiving M.incognita + Rhizobium prior to R.reniformis 
but significantly differed from the treatment which received 
R.reniformis + Rhizobium prior to M,incognita. When 
R.reniformis + Rhizobium preceded R.solani the reduction in 
growth was significantly high (55.88%), The associations 
of M.incognita and R.solani were, however, most damaging. 
When R.solani + Rhizobium preceded M.incognita the reduction 
in plant growth was 54.66% but when R.solani followed 
M.incognita + Rhizobium it was 70.70% (Table-5; Figs. 7-D,8-C 
and Appendix-5). 
(iv) EFFECT Oi PRE,AND POST INOCULATION WITH RHIZOBIUM + A 
COMBINATION OF ANY TWO OR ALL THREE PATHOGENS ON PLANT 
GROWTH : 
Inoculation of plants with Rhizobium prior to the 
inoculation with any combination of pathogens resulted in a 
significantly less damage than caused by the inoculation of 
plants with any combination of pathogens prior to the inocu-
lation with Rhizobium. Greatest damage was caused by the 
simultaneous inoculation with all three pathogens prior to 
Rhizobium inoculation (86,48% reduction). In the interactions 
involving inoculation with a combination of any two pathogens 
prior to Rhizobium, simultaneous inoculation with M.incognita 
and R.solani was more damaging which caused 81.69% reduction 
FIG.7-E : Effect of pre and post inoculation with 
Rhizobium + a combination of any two or 
all three pathogens on plant growth, 
C = Uninoculated - bacterized (Control) 
28 « Inoculated with Rhizobium 15 days prior to 
M.incognita + R.reniforrois. 
29 = Inoculated with M.incognita + R,reniformis 
15 days prior to Rhizobium 
30 = Inoculated with Rhizobium 15 days prior to 
M.incognita + R.solani 
31 = Inoculated with M.incognita + R.solani 
15 days prior to Rhizobium 
32 = Inoculated with Rhizobium 15 days prior to 
R.reniformis + R.solani 
33 = Inoculated with R.reniformis + R.solani 
15 days prior to Rhizobium 
34 = Inoculated with Rhizobium 15 days prior to 
R.reniformis + M.incognita + R.solani 
35 = Inoculated with R.reniformis + M.incognita + 
R.solani 15 days prior to Rhizobium 
^^ PRE&POST 
J : 2 8 , INOCULATION! 29/ 
•<;- - . N . -
^•*Sl^ \_ --^ 
" v-,y>"-^.\ ' .^i:\ i. 
FIG. 7-E 
PRE&posT ^H~~^^• ' ^ ^ 
FIG. 7-E 
FIG. 7-E 
FIG.9 : Effect of individual and concomitant inocula-
tions of R.reniformis, M.incognita and R.solani 
on the growth of nodules, 
1 = Uninoculated (Control) 
2 = R.reniformis inoculated 
3 = M.incognita inoculated 
4 = R.solani inoculated 
5 = R.reniformis + M.incognita inoculated 
5 = R.reniformis + R.solani inoculated 
7 = M.incognita + R.solani inoculated 
8 = R.reniformis + M.incognita + R.solani inoculated 
FIG. 9 
FIG.8-D : Effect of pre and post inoculation with 
Rhizobium + a combination of any two or all 
three pathogens on plant growth and nematode 
multiplication. 
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than the simultaneous inoculation with R.reniformis and 
R.solani showed 66,70% reduction in plant growth. (Table-5; 
Figs. 7-E; 8-D and Appendix-5). 
(v) EFFECT OF INDIVIDUAL.CONCOMITANT AND SEQUENTIAL INOCULA-
TIONS OF RHIZOBIUM, M.INCOGNITA, R.RENIFORMIS AND 
R.SOLANI ON NEMATODE I€JLTIPLICATION. ROOT KNOT INDEX 
AND NODULATION : 
Whether present alone or in combination, the rate of 
multiplication of both, M.incognita and R.reniformis, was 
higher on unbacterized plants than on bacterized ones. 
However, their rate of multiplication on bacterized plants 
was significantly higher (R=13.77 and 9.00 respectively) when 
present alone than when present together (R=11.97 and 6,72 
respectively). The multiplication rate was further reduced 
(R=8,18 and 4,73 respectively) when all three pathogens were 
simultaneously inoculated on bacterized plants. Accordingly, 
there was also correspondiiig reduction in the root-knot 
indices of different treatments (Table-5 and Fig.8-A). 
Also, in cases of sequential inoculations there was 
significantly reduced multiplication of both, M.incognita 
and R.reniformis, when Rhizobium inoculation was done simul-
taneously or it preceded inoculation with any combination 
of pathogens. Here also, the reduced multiplication of 
M.incognita corresponded well with the low root-knot index 
of the concerned treatment (Table-5 and Figs. 8-B and C). 
144 
V/hen present alone, R.solani caused greater reduction 
in roc': nodulation (44.169^ ) over control than caused either 
by the .infection of M.inco/2:nita (35tOO?6) or R.reniformis 
(20,00%). In cases of combined inoculations the greatest 
reduction in nodulation (83.30%) was caused by the simul-
tanous inoculation of all three pathogens while in the treat-
ments involving two pathogens the greatest reduction (77.509^ ) 
was caused by the association of M.incognita and R.solani 
followed by the association of R.reniformis and R.solani 
(64,16%) and that of M.incognita and R.reniformis caused 
56.66% (Table-5 and ?ig.8-A). 
It was interesting to note that the presence of test 
pathogens, whether individually or concomitantly in various 
combinations, not only reduced the number of nodules/root 
system but also reduced the size of the nodules. However, 
the greatest reduction in size was observed when all three 
test pathogens were inoculated simultaneously (Fig.9). 
In case of sequential inoculations, prior or simultane-
ous inoculation with Rhizobium followed by the inoculation with 
one or two other pathogens invariably resulted in less nodulation 
reduction than in the treatments where Rhizobium inoculations 
followed the inoculation with the combination of pathogens. 
Maximum reduction (94.16%) in nodulation was observed when plants 
were inoculated with all three pathogens simultaneously but 
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prior to Rhizobium inoculation. It was followed by 84.16% 
reduction when M.incognita + R.solani preceded Rhizobium 
(Table-5 and Figs.8-B and C). 
3.5 EFFECT OF INDIVIDUAL AND CONCOMITANT INOCULATIONS OF THE 
TEST PATHOGENS ON THE PENETRATION OF RENIFORM AND ROOT-KNOT 
NEMTODES : 
It was observed (Table-6 and 7) that penetration of 
reniform and root-knot nematodes started within 24 hours of 
inoculation and increased progressively upto seventh day 
with bulk of the penetration being achieved within 4 to 7 
days. The average number of reniform nematodes that pene-
trated the root system was 40, 34, 30 and 20 when inoculated 
with R.reniformis alone, R.reniformis + M.incognita, 
R.reniformis + R.solani and R.reniformis + M.incognita + 
R.solani respectively. Similarly, the average number of 
root-knot nematodes that penetrated the root system in 
different treatments (M.incognita alone, R.reniformis + 
M.incognita, M.incognita + R.solani and R.reniformis + 
M.incognita + R.solani) was 47, 43, 37 and 29 respectively. 
However, the average penetration of M.incognita was more 
than that of R.reniformis. Simultaneous inoculation of 
reniform and root-knot nematodes on cowpea seedlings 
mutually inhibited the penetration of either nematode species. 
However, this inhibitory effect was more on R.reniformis 
rather than on M.incognita. The penetration of both 
TABLE- 6 r . Penetration of R.reniformls as affected by simultaneous 
occurrence of M.incognita and/or R.solani . 
Days Treatments/Number of immature females p e n e t r a t e d 
Rr* Rr+Mi* Rr+Rs* Rr+Mi+Rs* L . S . D . ( a t L . S . D . ( a t 
3% l e v e l ) 1% l e v e l ) 
1 
2 
3 
k 
5 
6 
7 
Aver a 
10 
13 
29 
52 
56 
58 
61 
ge 40 
7 
9 
25 
45 
48 
50 
53 
34 
5 
7 
20 
40 
44 
45 
47 
30 
0 
0 
9 
24 
29 
36 
39 
20 2.601 3.940 
Rr* = Rotylenchulus reniformls 
Mi* = Meloidogyne incognita 
Rs* = Rhizoctonia solani 
TABLE- 7 1 Penetration of MeloldoRyne incognita as affected by-
simultaneous occurrence of R.renlformls and/or 
R.solan! . 
Treatments/Number of larvae penetrated 
Days 
Mi* Rr+Mi Mi+Rs* Rr+Mi+Rs L.S.D.(at L.S.D.(at 
5% level) 1% level) 
1 
2 
3 
k 
5 
6 
7 
Average 
6 
19 
34 
60 
66 
67 
73 
47 
8 
18 
31 
56 
59 
62 
68 
43 
3 
11 
28 
50 
52 
57 
60 
37 
0 
7 
19 
36 
43 
48 
52 
29 
Mi* = Meloidogyne incognita 
Rr* = Rotylenchulus reniformis 
Rs* = Rhizoctonia solani 
3.531 5.350 
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R.renlformis and M.incognita was adversely affected by the 
presence of fungus also. Concomitant inoculation of all the 
three test pathogens, not only caused maximum reduction 
in penetration of both the nematode species but also delayed 
the penetration for about 2 and 1 days of reniform and 
root-knot nematodes respectively. 
3.6 SCREENING OF COWPEA VARIETIES AGAINST RENIFORM NEMATODE, 
ROOT-KNOT NEMATODE AND ROOT-ROT FUNGUS : 
It is evident from the data presented in Tables-8,9f10; 
Figs.10,11,12 and Appendices-VI,VII,VIII that different cowpea 
varieties responded differently to the infection of the fungus, 
R.solani and the nematodes, R.renlformis and M,incognita. 
There was an adverse effect of each test pathogen on the 
plant, growth and nodulation of each variety, irrespective of 
the level of its resistance against a particular pathogens. 
(i) RESPONSE OF VARIETIES AGAINST R.RENIFORMIS : 
A perusal of Table-8, Fig.10 and Appendix-VI revealed 
that out of 20 cowpea varieties 16 were highly susceptible, 
one susceptible two moderately resistant and one resistant. 
Varieties Pusa Dophasli, Russian giant, FGR-450, CO-4, RC-2, 
RC-48, EC-487A, EC-55171, EC-99573, EC-101418, IC-RG, IC-200, 
IC-238, IC-24A, IC-393 and IC-503 were found highly susceptible 
to R.renlformis on the basis of percentage reduction in 
growth of inoculated plants (39.80, 42,29, 33.38, 29.07, 
TAFLE- 8 : Response of twenty cowpea varieties against R.reniformis. 
Varieties Treatments 
Dry weight "g" 
Shoot Root Total 
Percen-
tage 
reduction 
over 
control 
Nematode population 
Number 
of 
larvae/ 
kg 
soil 
Number 
of 
females 
/g 
root 
Total R = Pf 
Number Percen-
of tage 
nodules reducticr. 
/root over 
system control 
Pusa Dophasli Control 
Pusa Dophasli Inoculated 
L.S.D.(at 5% level) 
L.5.0.(at 1% level) 
Russian Giant Control 
Russian Giant Inoculated 
L.S.D.(at 5% level) 
L.S.D.(at ^% level) 
FGR-450 Control 
FGR-450 Inoculated 
L.3.D.(at 5% level) 
L.S.D.(at 1% level) 
CO-A Control 
CO-4 Inoculated 
L.S.D,(at 5% level) 
L.S.D.(at 1% level) 
S-488 Control 
S-488 Inoculated 
L.S.D.(at 5% level) 
L.S.D.(at ^% level) 
RC-2 Control 
RC-2 Inoculated 
L,S,D.(at 5% level) 
L.S.D.(at T% level) 
RC-8 Control 
RC-8 Inoculated 
L.3.D.(at 5% level) 
L.S.D.(at ^% level) 
RC-48 Control 
RC-48 Inoculated 
L.S.D.(at 3% level) 
L.S.D.(at 1?< level) 
EC-4213A control 
EC-4213A inoculated 
L.S,D.(at 5% level) 
L.S.D.(at 1% level) 
EC-487A Control 
EC-4874 Inoculated 
L.S.D.(at 3% level) 
L,S.D.(at ^% level) 
6.42 
3.91 
8.97 
5.28 
5.83 
3.91 
8.46 
6.07 
4.36 
4.24 
7.33 
4.70 
5.67 
5.10 
1.82 
1.05 
2.26 
1.20 
1.27 
0.82 
2.27 
1.54 
0.93 
0.87 
1.73 
1.07 
1.17 
1.08 
8.13 
5.46 
4.63 
4.29 
7.36 
4.63 
1.36 
0.88 
1.93 
1.75 
2.00 
1.21 
8.24 
4.96 
1.299 
2.997 
11.23 
6.48 
1.209 
2.789 
7.10 
4.73 
0.675 
1.558 
10.73 
7.61 
0.959 
2.213 
5.29 
5.11 
0.662 
1.528 
9.06 
5.77 
1.011 
2.332 
6.84 
6.18 
0.701 
1.618 
9.49 
6.34 
0.795 
1.836 
6.56 
6.04 
0.581 
1.340 
9.36 
5.84 
1.364 
3.146 
70 
39.80 15200 307 15507 15.51 51 30.OC 
7.091 
16.356 
78 
42.29 17233 327 17560 17.56 41 47.43 
5.594 
12.902 
- 52 
33.38 9500 200 9700 9.70 39 25.00 
4.836 
11.156 
- - - 81 -
29.07 12567 233 12800 12.80 61 24.69 
6.141 
14.163 
66 
3.A0 900 33 933 0.93 65 1.51 
5.090 
11.741 
57 
36.31 15833 207 16140 16.14 34 40.35 
7.427 
17.130 
61 
9.65 2333 100 2433 2.43 57 6.55 
6.373 
14.699 
45 
33.19 12933 300 13233 13.23 32 28.89 
5.770 
13.309 
87 
7.93 1867 113 1980 1.98 83 4.59 
4.389 
10.123 
38 
37.60 14100 313 14413 14.41 26 31.58 
4.669 
10.769 
C o n t d . , . . 
Table-8 *(contd.) Page-2 
V a r i e t i e s Treatmenta 
EC-55171 C o n t r o l 
EC-55171 I n o c u l a t e d 
L . 3 . D . ( a t 5% l e v e l ) 
L . S , D . ( a t ^% l e v e l ) 
EC-99573 C o n t r o l 
EC-99573 I n o c u l a t e d 
L . 3 . D . ( a t 5% l e v e l ) 
L . 3 . D . < a t 1% l e v e l ) 
EC-101418 C o n t r o l 
EC-101A18 I n o c u l a t e d 
L . S . D . ( a t 5% l e v e l ) 
L . S . D , ( a t 1% l e v e l ) 
I C - I C o n t r o l 
I C - I I n o c u l a t e d 
L . S . D . ( a t 5% l e v e l ) 
L . S . D . ( a t 1% l e v e l ) 
IC-RG C o n t r o l 
IC-RG I n o c u l a t e d 
L . S , D . ( a t 5% l e v e l ) 
L . S . D . ( a t 1% l e v e l ) 
IC-200 C o n t r o l 
IC-200 I n o c u l a t e d 
L . S . D . ( a t 5% l e v e l ) 
L . S . D . ( a t 19^  l e v e l ) 
IC-238 C o n t r o l 
I C - 2 3 8 I n o c u l a t e d 
L . 3 . D , ( a t 5% l e v e l ) 
L . S . D . ( a t ^% l e v e l ) 
IC-2A4 C o n t r o l 
IC-244 I n o c u l a t e d 
L . S . D . ( a t 5% l e v e l ) 
L . S . D , ( a t ^% l e v e l ) 
IC-393 C o n t r o l 
IC-393 I n o c u l a t e d 
L . S . D . ( a t 5% l e v e l ) 
L . S . D . ( a t 15^ l e v e l ) 
IC-503 C b n t r o l 
IC-503 I n o c u l a t e d 
L . S . D . ( a t 5% l e v e l ) 
L . S . D . ( a t '\% l e v e l ) 
Shoot 
5 .06 
3 .58 
8 . 7 3 
5 .72 
5.A1 
3 .57 
7 . 2 5 
6,1A 
4 . 8 3 
3 . 3 8 
4 . 0 5 
2 . 4 0 
-
3 .96 
2 .51 
5 .00 
3 .24 
6 . 1 7 
3 .84 
5 . 2 3 
3 . 6 7 
Dry w e i g h t " 
: Root 
1.51 
1.01 
Tota l 
6 . 5 7 
4 . 5 9 
0 . 5 4 6 
1.260 
1 .96 1 0 . 6 9 
1 .24 
1.72 
1.10 
2 . 3 7 
2 . 0 4 
1.00 
0 . 7 9 
1.20 
0 . 6 5 
1.07 
0 . 6 6 
1.19 
0 . 7 5 
1.86 
1.09 
2 . 1 2 
1.40 
6 . 9 6 
0 . 7 4 0 
1.707 
7 . 1 3 
4 . 6 7 
0 . 8 0 0 
1.846 
9 . 6 2 
8 . 1 8 
0 . 6 8 4 
1.578 
5 . 8 3 
4 . 1 7 
0 .895 
2 . 0 6 4 
5 .25 
3 .05 
0 .706 
1.628 
5 . 0 3 
3 . 1 7 
0 .602 
1.389 
6 . 1 9 
3 .99 w 
0 . 8 3 4 
1.925 
8 . 0 3 
4 . 9 3 
0 . 9 2 5 
2 . 1 3 4 
7 . 3 5 
5 . 0 7 
0 . 8 1 3 
1.876 
g" 
P e r c e n -
t a g e 
r e d u c t i o n 
over 
c o n t r o l 
^ 
3 0 . 1 3 
-
54 .89 
-
3 4 . 5 0 
-
1 4 . 9 7 
-
2 8 . 4 7 
-
4 1 . 9 0 
-
36 .97 
-
35 .54 
-
38 .60 
-
31 .02 
Nematode 
Number 
o f 
l a r v a e / 
kg 
s o i l 
. 
10633 
-
12533 
-
14600 
-
5100 
-
8933 
-
14833 
-
12900 
-
13533 
-
16533 
-
13733 
p o p u l a t i o n 
Number 
o f Tota l 
f e m a l e s 
/ « 
r o o t 
247 
-
253 
-
293 
-
160 
-
167 
-
320 
-
260 
-
280 
-
293 
-
273 
10880 
-
12786 
-
14893 
-
5260 
-
8100 
-
15153 
-
13160 
-
13813 
.> 
16826 
_ 
14006 
« - M 
1 0 . 8 8 
-
1 2 . 7 9 
-
1 4 . 8 9 
-
5 .26 
-
8 . 1 0 
-
1 5 . 1 5 
_ 
1 3 . 1 6 
-
1 3 . 8 1 
-
1 6 . 8 3 
. 
14 .01 
Number 
o f 
nodules 
• / r o o t 
system 
68 
43 
7 .311 
16 .862 
72 
54 
5 . 6 5 0 
13 .031 
73 
52 
6 . 7 9 4 
15 .671 
77 
71 
7 .629 
1 7 . 5 9 7 
43 
37 
5 . 5 3 8 
1 2 . 7 7 3 
60 
37 
5 .731 
1 3 . 2 2 0 
55 
40 
3 .894 
8 ,982 
63 
43 
5 . 6 9 7 
13 .141 
47 
33 
4 .841 
1 1 . 1 6 5 
84 
62 
6 .360 
14 .669 
P e r c e n -
t a g e 
1 r e d u c t i o n 
over 
c o n t r o l 
3 6 . 7 6 
2 5 . 0 0 
-
2 8 . 7 7 
-
7 .79 
-
13 .95 
-
3 8 . 3 3 
_ 
2 7 . 2 7 
_ 
3 1 . 7 5 
_ 
2 9 . 7 8 
_ 
2 6 . 1 9 
o 
Q_ 
g 
I -
< 
_ i 
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RENIFORM NEMATODE INOCULATED COWPEA VARIETIES 
FIG. 10 : Response of cowpea var ie t ies against R.reniformis. 
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36.31, 33.19, 37.60, 30.13, 34.89, 34.50, 28.47, 41.90, 36.97, 
35.54, 38.60 and 31.02 respectively) and nematode reproduc-
tion factor (15.51, 17.56, 9«70, 12,80, 16,14, 13.23, 14.41, 
10.88, 12.79, 14.89, 8.10, 15.15, 13.16, 13.81 , - 16.83 
and 14,01 respectively). Modulation reduction in these 
varieties was also significantly high (13.95to 47.43%). The 
variety IC-I on the other hand, showed susceptible reaction 
(plant growth reduction 14,97%, Reproduction factor 5.26 and 
nodulation reduction 7o79%). The varieties RC-8 and EC-4213A 
exhibited moderate resistance (Reproduction factors 2,43 and 
1,98;plant growth reductions 9.65 and 7.93% respectively). 
Reduction in plant growth was, however, not significant. In 
these varieties although the number of females that developed 
on the roots was high (100 and 113 respectively), but they 
apparently produced fewer or non-viable eggs becauses of 
unfavourable effect of host on egg development. This was 
possibly the reason of poor final population of nematodes 
in the soil, Nodulation reduction in these varieties was 
6,55 and 4.59% respectively. Only one variety (S-488) was 
found resistant which did not allow nematode multiplication 
(R=0,93) and suffered least non significant plant growth 
reduction (3,40%). Only few females (33), in different 
stages of their development, were obtained from the infected 
roots and the nodulation reduction was only 1,51%. 
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(ii) RESPONSE OF VARIETIES AGAINST M. INCOGNITA : 
It is evident from the data presented in Table-9; 
Fig.11 and Appendix-VII that only one variety (IC-503) showed 
moderate resistance, three (FGR-450, CO-4 and EC-55171) 
exhibited susceptible reaction and the remaining 16 were 
highly susceptible (Pusa Ibphasli, Russian giant, 3-^88, 
RC-2, RC-8, RC-48, EC-4213A, EC-4874, EC-99575, EC-101418, 
IC-I, IC-RO, IC-200, IC-23B, IC-244 and IC-393) when 
plant growth reduction (45.50, 49.89, 33.83, 43.29, 30,70, 
40.14, 33.38, 43.16, 28.34, 41.51, 34,82, 38.07, 36.57, 
32o00, 29.07 and 52.679i respectively), Reproduction factor 
(22.19, 22.68, 12.85, 20,15, 14,03, 19.22, 16.51, 22.91, 
13.09, 20.80, 14.39, 17.28,17,89, 14.90, 15.65 and 21.21 
respectively) and the number of galls per root system (119, 
120, 95, 118, 85, 108, 93, 116, 72, 112, 97, 106, 102, 88, 79, 
and 123 respectively) were collectively taken as the parameters 
for resistance ratings. 
Root nodulation of all the varieties, including that 
of moderately resistant one, was adversely.affected by 
nematode inoculation. Nodulation reduction ranged between 
20.83 to 44.68% in the highly susceptible varieties and 
between 7.35 to 17.30% in the susceptible ones but it was 
only 4,76% in the moderately resistant variety. 
iRnijr. — •31 Response 0 
V a r i e t i e s T r e a t m e n t s 
Pusa D o p h a s l l C o n t r o l 
Pusa D o p h a s l i I n o c u l a t e d 
L . 3 . D . ( a t 5% l e v e l ) 
L . S . D . ( a t ^% l e v e l ) 
R u s s i a n G i a n t C o n t r o l 
R u s s i a n G i a n t I n o c u l a t e d 
L . S . D , { a t 5% l e v e l ) 
L . S . D . ( a t 1% l e v e l ) 
FGR-450 C o n t r o l 
FGR-450 I n o c u l a t e d 
L . S , D . ( a t 5% l e v e l ) 
L . S . D , ( a t ^% l e v e l ) 
CO-A C o n t r o l 
CO-4 I n o c u l a t e d 
L . 3 . D . ( a t 5% l e v e l ) 
L . S . D . ( a t ^% l e v e l ) 
S-488 C o n t r o l 
S-488 I n o c u l a t e d 
L . S . D . ( a t 5% l e v e l ) 
L . S . D . ( a t ^% l e v e l ) 
RC-2 C o n t r o l 
RC-2 I n o c u l a t e d 
L . S , D , ( a t 5% l e v e l ) 
L . S . D . ( a t •\% l e v e l ) 
RC-8 C o n t r o l 
RC-8 I n o c u l a t e d 
L . S . D . ( a t ^% l e v e l ) 
L . S , D . ( a t ^% l e v e l ) 
RC-48 C o n t r o l 
RC-48 I n o c u l a t e d 
L . S . D . ( a t 5% l e v e l ) 
L . S . D . ( a t 1% l e v e l ) 
EC-4213A C o n t r o l 
EC-4213A I n o c u l a t e d 
L . S . D . ( a t 5% l e v e l ) 
L . S . D . ( a t 15^ l e v e l ) 
EC-4874 C o n t r o l 
EC-4874 I n o c u l a t e d 
L . S . D . ( a t 5% l e v e l ) 
L . S . D . ( a t ^% l e v e l ) 
EC-55171 Control 
EC-55171 I n o c u l a t e d 
L . S . D . ( a t 5% l e v e l ) 
L . S . D . ( a t 15^ l e v e l ) 
EC-99573 C o n t r o l 
EC-99573 I n o c u l a t e d 
L . S . D . ( a t 5% l e v e l ) 
L . S . D . ( a t 19^  l e v e l ) 
I twen 1. 
Shoot 
6 . 4 2 
3.5A 
8 . 9 7 
4 . 5 4 
5 . 8 3 
4 . 5 2 
8 .46 
6 .64 
4 . 3 5 
2 . 9 0 
7 . 3 3 
4 . 2 0 
5 .67 
3 .96 
8 .11 
5.A6 
4 . 6 3 
3.11 
7 . 3 6 
4 . 2 9 
5 . 0 6 
4 . 1 8 
8 . 7 3 
6 . 2 9 
.y cuwp ea vctx J. 
Dry w e i g h t " " 
Root 
1.82 
0 . 9 5 
2 . 2 9 
1.09 
1.27 
0 . 9 6 
2 . 2 7 
1.76 
0 . 9 3 
0 . 6 0 
1.73 
0 . 9 4 
1.17 
0 . 7 8 
1.36 
0 , 8 8 
1 .93 
1.26 
2 . 0 0 
1.11 
1.15 
1.31 
T o t a l 
8 .24 
4 . 4 9 
1.618 
3 .732 
1 1 . 2 3 
5 . 6 3 
1.101 
2 .541 
7 . 1 0 
5 . 4 8 
0 . 7 5 7 
1.747 
1 0 . 7 3 
8 . 4 0 
0 . 8 7 3 ^ 
2 . 0 1 4 
5 .29 
3 .50 
0 . 7 9 6 
1.836 
9 . 0 6 
5 . 1 4 
1 .308 
3 .017 
6 . 8 4 
4 . 7 4 
0 . 6 1 5 
1.419 
9 . 4 9 
5 . 6 8 
0 . 7 6 6 
1.767 
6 . 5 6 
4 . 3 7 
0 . 5 9 8 
1.379 
9 . 3 6 
5 .32 
0 . 6 5 8 
1.518 
6 . 5 7 
5 .49 
0 .641 
1.479 
1.96 1 0 . 6 9 
1.37 7 . 6 6 
0 . 9 2 5 
2 . 1 3 4 
e L i e s aga 
g" 
P e r c e n 
t a g e 
r e d u c 
t i o n 
o v e r 
c o n t r o l 
_ 
4 5 . 5 0 
-
w 4 9 . 8 6 
-
22 .81 
-
21 .71 
-
3 3 . 8 3 
-
4 3 . 2 9 
-
3 0 . 7 0 
-
4 0 . 1 4 
-
3 3 . 3 8 
-
4 3 . 1 6 
-
1 6 . 4 4 
-
2 8 . 3 4 
i i . n s t I ' l . j 
Nemc 
.'dumber 
of 
l a r v a e 
/ k g 
s o i l 
^ 
21800 
-
22233 
-
9500 
-
7633 
-
12500 
-
19733 
-
13700 
-
18833 
-
16200 
-
22533 
-
5 7 3 3 
-
12800 
LncoRn; 
i t ode 
Lta, 
p o p u l a t i o n 
Number 
of T o t a l 
f e m a l e s 
/ g 
r o o t 
_ 
393 
-
447 
-
200 
-
213 
-
347 
-
420 
-
327 
-
387 
-
307 
-
380 
-
153 
-
287 
_ 
22193 
-
22680 
-
9700 
-
7846 
-
12847 
-
20153 
-
14027 
-
19220 
-
16507 
-
22913 
-
5886 
-
13087 
D Pf R - p T 
_^ 
2 2 . 1 9 
-
2 2 . 6 8 
-
9 . 7 0 
-
7 . 8 5 
-
1 2 . 8 5 
-
2 0 . 1 5 
-
1 4 . 0 3 
-
1 9 . 2 2 
-
16 .51 
-
22 .91 
-
5 . 8 9 
-
1 3 . 0 9 
Number Number 
of of 
g a l l s n o d u l e s 
/ r o o t / r o o t 
sys t em sys tem 
. 
119 
-
120 
-
54 
-
48 
-
95 
-
118 
-
85 
-
108 
-
9 3 
-
116 
-
34 
-
72 
70 
43 
8 . 0 6 8 
18 .609 
78 
47 
6 .592 
15 .205 
52 
43 
8 .744 
2 0 . 1 6 7 
81 
68 
8 ,616 
18 .490 
66 
49 
5 . 4 3 4 
12 .535 
57 
36 
9 . 1 7 3 
21 .160 
61 
47 
4 , 7 1 2 
1 0 , 8 6 7 
45 
30 
7 ,590 
17 ,507 
87 
66 
6 . 1 3 6 
1 4 . 5 3 0 
38 
24 
5 .482 
1 2 . 6 4 4 
6 8 
63 
6 . 8 8 9 
15 .889 
72 
57 
8 ,201 
1 8 , 9 1 7 
Percen 
t age 
; r e d u c -
t i o n 
over 
c o n t r o l 
. 
38 .57 
-
39 .74 
-
17 .30 
-
16 .04 
-
25 .75 
~ 
36 .84 
-
22 .95 
-
3 3 . 3 3 
-
2 4 . 1 3 
-
36 .84 
-
7 .35 
-
2 0 . 8 ; 
Contd. 
Table-9. . (Contd.) Page-2 
Varieties 
EC-101418 
EC-101418 
L.S.D.(at 
L.S.D.(at 
IC-I 
IC-I 
L.S.D. (at 
L.S.D,(at 
IC-RG 
IC-RG 
L.S.D.(at 
L.S.D.(at 
IC-200 
IC-200 
Treatments 
Control 
Inoculated 
5% level) 
^% level) 
Control 
Inoculated 
5% level) 
1% level) 
Control 
Inoculated 
5% level) 
^% level) 
Control 
Inoculated 
L.S.D.(at 3% level) 
L.S.D.(at 196 level) 
IC-238 
IC-238 
Control 
Inoculated 
L.S.D.(at 5% level) 
L.S.D.(at ^% level) 
IC-244 
IC-24A 
L.S.D.(at 
L.S.D.(at 
IC-393 
IC-393 
L.S.D.(at 
L.S.D.(at 
IC-503 
IC-503 
L.S.D.(at 
L.S.D.(at 
Control 
Inoculated 
5% level) 
1% level) 
Control 
Inoculated 
556 level) 
1% level) 
Control 
Inoculated 
5% level) 
156 level) 
Shoot 
5.41 
3.19 
7.25 
4.78 
4,83 
3.01 
4.05 
2.59 
3.95 
2.71 
5.00 
3.58 
6.17 
2.97 
5.23 
4.90 
Dry weight " 
; Root 
1.72 
0.98 
2.37 
1.49 
1.00 
0.60 
1.20 
0.74 
1.07 
0.71 
1.19 
0.81 
1.86 
0.83 
2.12 
1.95 
Total 
7.13 
4,17 
0.727 
1.677 
9.62 
6.27 
0.929 
2.144 
5.83 
3.61 
0.804 
1.856 
5.25 
3.33 
0.417 
0.963 
5.03 
3.42 
0.740 
1.707 
6.19 
4.39 
0,709 
1.637 
8.03 
3.80 
1.032 
2.382 
7.35 
6.85 
0.762 
1.756 
g" 
Percen 
tage 
reduc 
tlon 
over 
control 
^ 
41,51 
-
34.82 
-
38.07 
-
36.57 
-
32.00 
-
29.07 
-
52.67 
-
6.80 
: Nematode 
Number Number 
of of 
larvae females 
/kg /g 
soil root 
. 
20433 
-
14065 
-
16933 
-
17533 
-
14600 
-
15533 
-
20800 
-
1433 
^^  
367 
-
327 
-
347 
-
353 
-
300 
-
320 
-
407 
-
113 
populat: 
Total 
) 
_ 
20800 
-
14393 
-
17280 
-
17886 
-
14900 
-
15653 
-
21207 
-
1546 
ion 
Pf 
R = PT 
_^  
20,80 
-
14.39 
-
17.28 
-
17.89 
-
14.90 
-
15.65 
-
21.21 
-
1.55 
Number Numbe 
of of 
galls nodul 
/root /root 
system syste 
_ 
112 
-
97 
-
106 
-
102 
-
88 
— 
79 
-
123 
-
18 
73 
48 
6.183 
14.262 
77 
56 
6.287 
14.500 
43 
30 
4.182 
9.647 
60 
42 
4.454 
10.272 
55 
42 
4.978 
11.483 
63 
49 
6.450 
14.887 
47 
26 
7.319 
16.882 
84 
80 
5.580 
12.873 
T Percen 
tage 
es reduc 
tlon 
'fl over 
control 
_ 
. 34,24 
-
27.27 
-
30.23 
-
30.00 
-
23.63 
-
22.22 
-
44.68 
-
4.76 
HD Plant growth @ Nodulation D Reproduction factor 0 Number of galls 
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ROOT-KNOT NEMATODE INOCULATED COWPEA VARIETIES 
FIG.11 : Response of cowpea v a r i e t i e s a g a i n s t M . i n c o g n i t a . 
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Piowever, if only the number of galls per root system 
is considered as a parameter, ten varieties (FGR-450, C04, 
S-488, RC-8, EC-4213A, EC-55171, EC-99573, IC-I, IC-238 and 
IC-244) may be placed under susceptible (number of galls 
o 
ranging between31 to97 only), nine (Pusa Dophasli, Russian giant, 
RC-2, RC-48, EC-4874, EC-101418, IC-RG, IC-200 and IC-393) 
under highly susceptible (with galls more than 100 per root 
system) and only one (IC-503) under moderately resistant 
category (18 galls/root system) whereas, on the basis of 
Reproduction factor, all the varieties, except IC-503» 
(R= 1.55) can be categorized as highly susceptible (Table-11), 
All susceptible and highly susceptible varieties 
suffered significant reduction in plant growth and nodulation 
except varo EC-55171 where only plant growth reduction was 
significant. In moderately resistant variety neither plant 
growth nor nodulation was significantly reduced, 
(iii) RESPONSE OF VARIETIES AGAINST R.SOLANI : 
The data presented in Table-^0;Fig.12 and Appendix-VIII 
shows the response of cowpea varieties to the root-rot fungus 
R.solanio Sixteen of the 20 cowpea varieties namely Pusa 
Dophasli, Russian giant, FGR-450, S-488, RC-2, RC-48, EC-4874, 
EC-55171, EC-99573, EC-101418, IC-I, IC-RG, IC-200, IC-238, 
IC-393 and IC-503 were found highly susceptible showing 
significant reduction in plant growth (55.46, 60.73, 29.29, 
TABLE - 10 ' Response of twenty cowpea varieties against Rhlzoctonl, solanl 
Varieties Treatnents 
shoot 
Dry weight "g" 
Root Total Percentage 
reduction 
over 
control 
Number of Percentage 
nodules/ reduction 
root over 
system control 
Pusa Dophasll Control 
Pusa Dophasll Inoculated 
L.S.D.(at 5% level) 
L.S.D.Cat 1% level) 
Russian Giant Control 
Russian Giant Inoculated 
L.S.D.Cat 5% level) 
L.S.D.Cat 1% level) 
FGR-450 Control 
FGR-450 Inoculated 
L.S.D.Cat 3% level) 
L.S.D.Cat ^% level) 
CO-4 Control 
CO-A Inoculated 
L.S.D.Cat 5% level) 
L.S.D.Cat 196 level) 
S-488 Control 
S-488 Inoculated 
L.S.D.Cat 5% level) 
L.S.D.Cat 1% level) 
RC-2 Control 
RC-2 Inoculated 
L.S.D.Cat 5% level) 
L.S.D.Cat ^% level) 
RC-8 Control 
RC-8 Inoculated ' 
L.S.D.Cat 5% level) 
L.S.D.Cat 1% level) 
RC-48 Control 
RC-4a Inoculated 
L.S.D.Cat 5% level) 
L.S.D.Cat ^% level) 
EC-4213A Control 
EC-4213A Inoculated 
L.S.D.Cat 3% level) 
L.S.D.Cat ^% level) 
EC-4874 Control 
EC-4874 Inoculated 
L.S.D.Cat 5% level) 
L.S.D.Cat ^% level) 
6,42 
2.95 
8.97 
3.55 
5.83 
4.15 
8.46 
8.23 
4.36 
2.64 
7.33 
3.20 
5.67 
5.13 
8.13 
4.09 
4.63 
4.25 
7.36 
3.58 
1.82 
0.72 
2.26 
0.76 
1.27 
0.87 
2.27 
2.16 
0.93 
0.50 
1.73 
0.62 
1.17 
0.99 
1.36 
0.62 
1.93 
1.74 
2.00 
0.86 
8,24 
3.67 
1.721 
3.970 
11.23 
4.41 
1.299 
2.997 
7.10 
5.02 
0.817 
1.886 
10.73 
10.39 
0.727 
1.677 
5.29 
3.14 
1.472 
3.394 
9.06 
3.82 
2.000 
4.615 
6.84 
6.12 
0.903 
2.084 
9.49 
4.71 
0.891 
2.054 
5.56 
5.99 
0.787 
1.816 
9.36 
4 .44 
1.282 
2.958 
55.45 
60.73 
29.29 
3.16 
40.64 
57.83 
10.53 
50.36 
8.69 
52.56 
70 
26 
9.639 
22.232 
78 
39 
8.098 
18.678 
52 
34 
7.586 
17.498 
81 
80 
5.304 
12.247 
66 
32 
3.994 
13.825 
57 
28 
9.987 
23.035 
61 
58 
6.239 
14.391 
45 
20 
6.824 
15.741 
87 
84 
5.439 
12.545 
38 
20 
6.394 
14.748 
62.86 
50.00 
34.60 
1.23 
48.48 
50.88 
4.92 
55.55 
3.45 
47.37 
Contd. 
Table-10 (Contd.) Page-2 
Ery vrelght "g" 
Varieties Treatments shoot 
5.06 
3.18 
8.73 
4.62 
5,41 
2.81 
7.25 
5.06 
4.83 
2.72 
4.05 
2.65 
3.96 
2.05 
5.00 
4.55 
6.17 
3.33 
5.23 
3.02 
Root 
1.51 
0.88 
1.96 
0.94 
1.72 
0.81 
U' 
2.37 
1.55 
1.00 
0551 
1.20 
0.73 
1.07 
0.50 
1.19 
1.05 
1.86 
0.94 
2.12 
1.10 
Total 
6.57 . 
4.06 
0.546 
1.260 
10.69 
5.56 
0.972 
2.243 
7.13 
3.62 
0.891 
2.054 
9.62 
6.61 
0.805 
1.856 
5.83 
3.23 
0.800 
1.846 
5.25 
3.38 
0.770 
1.776 
5.03 
2.55 
0.921 
2.124 
6.19 
5.60 
0.667 
1.538 
8.03 
4.27 
0.787 
1.816 
7.35 
4.12 
0.723 
1.667 
Percentage 
reduction 
over 
control 
38.20 
-
47.98 
-
49.23 
-
31.28 
-
44.59 
-
35.62 
-
49.30 
-
9.53 
-
46.82 
-
43.94 
root 
system 
68 
44 
5.207 
12.009 
72 
33 
7.242 
16.704 
73 
39 
7.427 
17.130 
77 
49 
8.640 
19.929 
43 
26 
4.393 
10.133 
60 
43 
6.893 
15.899 
55 
25 
6.351 
14.649 
63 
59 
7.612 
17.557 
47 
28 
6.162 
14.213 
84 
54 
7.156 
16.495 
Number of Percentage 
nodules/ reduction 
over 
control 
EC-55171 Control 
EC-55171 Inoculated 
L.S.D.(at 5% level) 
L.S.D.(at ^% level) 
EC-99573 Control 
EC-99573 Inoculated 
L.S.D.(at 5% level-) 
L.S.D.(at ^% level) 
EC-101418 Control 
EC-101418 Inoculated 
L.S.D.(at 5% level) 
L.S.D,(at ^% level) 
IC-I Control 
IC-I Inoculated 
L.3.D.(at 5% level) 
L.S.D.(at ^% level) 
IC-RG Control 
IC-RG Inoculated 
L.S.D.(at 5% level) 
L.S.D.(at :% level) 
IC-200 Control 
IC-200 Inoculated 
L.S.D.(at 5% level) 
L.S.D.(at ^% level) 
IC-238 Control 
IC-238 Inoculated 
L.S.D.(at 5% level) 
L,S.D.(at ^% level) 
IC-244 Control 
IC-244 Inoculated 
L.S,D.(at 3% level) 
L.S.D.(at 'i% level) 
IC-393 Control 
IC-393 Inoculated 
L.S.D.(at 3% level) 
L.S.D.(at ^% level) 
IC-503 Control 
IC-503 Inoculated 
L.3.D.(at 5% level) 
L.S.D.(at A% level) 
35.29 
54.16 
46.57 
36.36 
39.53 
28.33 
54.54 
6.34 
40.42 
35.71 
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ROOT-ROT FUNGUS INOCULATED COWPEA VARIETIES 
FIG.12 : Response of cowpea va r ie t i es against R.solani . 
TABLEAU : 
Varieties 
Pusa Dophasli 
Russian giant 
FGR-450 
CO-4 
S-4S8 
RC-2 
RC-8 
RC-48 
EC-^213A 
EC-4874 
EC-55171 
EC-99573 
EC-101418 
IC-I 
IC-RC 
IC-200 
IC-238 
IC-2^4 
IC-393 
IC-503 
On the 
basis c 
plant 
growth 
HS» 
HS 
S* 
S 
HS 
HS 
HS 
HS 
HS 
HS 
S 
HS 
HS 
HS 
HS 
HS 
HS 
HS 
HS 
MR* 
HS* -
R* 
A sximmary 
varieties 
of resis 
against 
M,incognita 
On the 
if basis 
of num-
ber of 
galls 
HS 
HS 
S 
S 
s 
HS 
S 
HS 
S 
HS 
S 
S 
HS 
S 
HS 
HS 
S 
S 
HS 
MR 
On the 
basis 
of Re-
produc-
tion 
factor 
HS 
HS 
HS 
HS 
HS 
HS 
HS 
HS 
HS 
HS 
HS 
HS 
HS 
HS 
HS 
HS 
HS 
HS 
HS 
MR 
Highly susceptibl 
Resistant 
tance/susceptibillty 
the test-pathogens. 
^pver 
resp 
• all 
onse 
of the 
varieties 
HS 
HS 
S 
s 
HS 
HS 
HS 
HS 
HS 
HS 
S 
HS 
HS 
HS 
HS 
HS 
HS 
HS 
HS 
MR 
e, S* » 
MR* = 
response 
R.reniformis 
On the 
basis c 
plant 
growth 
HS 
HS 
HS 
HS 
R* 
HS 
MR 
HS 
MR 
HS 
HS 
HS 
HS 
S 
HS 
HS 
HS 
HS 
HS 
HS 
On the 
if basis 
of re-
produc-
tion 
factor 
HS 
HS 
HS 
HS 
R 
HS 
MR 
HS 
MR 
HS 
HS 
HS 
HS 
S 
HS 
HS 
HS 
HS 
HS 
HS 
Susceptible, 
of twenty 
Overall 
response 
of the 
varie-
ties 
HS 
HS 
HS 
HS 
R 
HS 
MR 
HS 
MR 
HS 
HS 
HS 
HS 
S 
HS 
HS 
HS 
HS 
HS 
HS 
Moderately resistant 
cowpea 
£• 
On the 
basis 
of 
plant 
growth 
HS 
HS 
HS 
R 
HS 
HS 
R 
HS 
R 
HS 
HS 
HS 
HS 
HS 
HS 
HS 
HS 
R 
HS 
HS 
solani 
On the 
basis 
of 
nodu-
lation 
HS 
HS 
HS 
R 
HS 
HS 
R 
HS 
R 
HS 
HS 
HS 
HS 
HS 
HS 
HS 
HS 
R 
HS 
HS 
Over all 
response 
of the 
varieiie-
HS 
HS 
HS 
R 
HS 
HS 
R 
HS 
R 
HS 
HS 
HS 
HS 
HS 
HS 
HS 
HS 
R 
HS 
HS 
150 
40.64, 57.83, 50.36, 52.56, 38.20, 47.98, 49.23, 31.28, 44.59, 
35.62, 49.30, 46.82 and 43.9496 respectively) and nodulation 
(62.86, 50.00, 34.60, 48.48, 50.88, 55.55, 47.37, 35.29, 
54.16, 46.57, 36.36, 39.53, 28.33, 54.54, 40,42 and 35.71% 
respectively). Four varieties (CO-4, RC-8, EC-4213A and 
IC-244) showed resistant response where reductions in pl^nt 
growth (3.16, 10,53, 8,69, and 9,53% respectively) and nodu-
lation (1,23, 4,92, 3.45, and 6,34 ^ respectively) were not 
significant. 
3.7 EFFECT OF CONCOMITANCE OF TEST PATHOGENS ON RESISTANT/MODERATELY 
RESISTANT RESPONSE OF COWPEA VARIETIES : 
In an earlier experiment twenty cowpea varieties were 
screened for their resistance against R.renlformis, M.incognita 
and R.solani separately. Six varieties which showed some 
degree of resistance against one or the other of these patho-
gens (Table-11) were again tested for their combined resistance, 
if any. The relative response of all six varieties to the 
individual pathogen was more or less the same as was observed 
in the earlier experiment. 
The variety S-488 (earlier evaluated as resistant 
against R.renlformis only) suffered 3,24, 36,08 and 42,72% 
plant growth reduction when individually inoculated with 
R.renlformis, M.incognita and R.solani respectively whereas 
the combined inoculations with R.renlformis + M.incognita and 
R.renlformis + R.solani caused 43.04 and 48,87% plant growth 
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reduction respectively. In other words, it lost resistance 
against R.reniformis in the presence of M,incognita. In the 
corresponding treatments the percentage reduction of nodula-
tion was 5.55, 29.17, 41.67, 48.61 and kl,22% respectively. 
Reproduction factor of R«reniformis, when present alone or 
with either M.incognita or R.solani, was 0,57, 2.66 and 0.89 
respectively i.e. the multiplication of R.reniformis was 
significantly increased in the presence of M.incognita. 
Similarj.y. Reproduction factor of M.incognita, when present 
alone or with R.reniformis, was 13.98 and 14.58 and the root-
knot index in the corresponding treatments was 5.00 and 
4.80 (Table-12; Fig.13-A and Appendix-IX). 
The fungus resistant CO-4 variety, when inoculated 
with R.reniformis, M.incognita or R.solani alone caused 27.43, 
21.96 and 0.40% plant growth reduction respectively whereas 
the combined inoculated of R.solani with either R.reniformis 
or M.incognita caused 29.66 and 45.24?^  plant growth reduction 
respectively. In other words it lost its resistance to 
fungus in the presence of M.incognita. In the corresponding 
treatments the percentage reduction of nodulation was 22.73> 
19.32, 4,54, 28,41 and 48.46 respectively. Reproduction 
factor of R.reniformis (when present alone or with R.solani) 
was 11.61 and 10o31 and that of M.incognita was 8.41 and 
9.72 respectively. The root-knot index in the corresponding 
treatments was 1.76 and 1,96 (Table-12; Fig.13-B and Appendix-
IX). 
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The variety IC-503 (moderately resistant to M. 
incognita) when inoculated with R.reniformls, M.incognita 
0^ R.solani alone caused 31.34, 5.16 and 43,7'^ plan:t growth 
reduction but when inoculated with M.incognita in association 
with either R.reniformis or R.solani it suffered 34.39 and 
47.36% plant growth reduction respectively. In the corres-
ponding treatments nodulation reduction was 25.97, 1«29» 
31.17, 25.97 and 37.66?^ . Reproduction factor of R.reniformis 
(when present alone or with M.incognita) was 9.71 and 10.87 
and that of M.incognita (when present alone or with either 
R.reniformis or R.solani) was 2,13, 1.31 and 0.92 respectively, 
The root-knot index, in the corresponding treatments was 
0.48, 0.72 and 0,36, Rotylenchulus reniformls or R.solani 
in association with M.incognita, caused more or less the 
same reduction in plant growth as was caused by them 
separately.(Table-12; Fig,13-C and Appendix-IX) 
The fungus resistant variety (IC-244) when inoculated 
separately with R.reniformis, M.incognita and R.solani, 
caused 35.07, 30,84 and 8.45% plant growth reduction respec-
tively whereas the combined inoculations of R.solani with 
either R.reniformis or M.incognita caused 50,00 and 55.49% 
plant growth reductions respectively. In the corresponding 
treatments nodulation reduction was 28,57, 19.04, 4.76, 50,00 
and 52.38%, Reproduction factor of R.reniformis (when present 
alone or with R.solani) was 13.92 and 11.19 and that of 
M.incognita was 13.04 and 12.14 respectively. The root-knot 
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index in the corresponding treatments was 3.^ 4 and 3.04. 
Presence of either nematode species broke its resistance 
against the fungus as evidenced by significantly increased 
plant growth reduction in case of combined inoculations 
(Table-12; Fig.13-D and Appendix-IX). 
The variety EC-4213A (moderately resistant to R. 
reniformis and resistant to R.solani), when inoculated 
separately with R.reniformis, M.incognita or R.solani caused 
9.32, 35.59 and 7.7696 plant growth reduction respectively 
whereas combined inoculations of both nematode species or 
R.solani with either R.reniformis or M.incognita caused 44.91» 
22.32, 50.5696 plant growth reduction respectively. In the 
corresponding treatments nodulation reduction was 1.89, 32.07 
3.00, 47.17, 17.92 and 58.49%. Reproduction factor of 
R.reniformis (when present alone or with either M.Incognita or 
R.solani) was 1.88, 9.42 and 2.72 respectively and that of 
M.incognita (when present alone or with either R.reniformis 
or R.solani) was 16.85, 14,53 and 12,31 . The root-knot 
index in the corresponding treatments was 4,00, 3.76 and 
3.20 (Table-12; Fig,13-E and Appendix-IX). 
In another variety RC-8 (moderately resistant to 
« 
R.reniformis and resistant to R.solani) the percentage plant 
growth reduction was 8.35, 28,08 and 8,11 when separately 
inoculated with R.reniformis, M.incognita and R.solani 
respectively but the combined inoculations of both nematode 
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FIG.13 : Effect of concomitance of pathogens on the 
resistant/moderately resistant response of 
cowpea varieties. 
R = R.reniformis inoculated 
M = M.Incognita inoculated 
F = R.solani inoculated 
R+M = R.reniformis + M.incognita inoculated 
R+F = R.reniformis + R.solani inoculated 
M+F = M.incognita + R.solani inoculated 
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species or of R.solani with either R.reniformls or M.incognita 
caused 45.52, 28oA5 and 49.15% plant growth reduction respec-
tively. In the corresponding treatments nodulation reduction 
was 4.35, 26.09, 7.25, 36.23, 20.75 and 35.85%. Reproduction 
factor of R.reniformis (when present alone or with either 
M.incognita or R.solani) was 3.69, 7.41 and 5.22 respectively 
and that of M.incognita (when present alone or with either 
R.reniformis or R.solani) was 15.25» 13.20 and 11.45 respec-
tively. The root-knot index in the corresponding treatment 
was 3.60, 3.32 and 3.52 (Table-12; Fig,13-F and Appendix-IX). 
The variety S-488 which showed resistant response 
against R.reniformis did not remain resistant to it in the 
presence of M.incognita. Concomitance of R.solani, however, 
caused no change in it's behaviour towards R.reniformis. 
Similarly, the resistance of varo CO-4 to R.solani broke down 
when concomitantly inoculated with M.incognita but concomi-
tance of R.reniformis failed to break its resistance. Neither 
R.reniformis nor R.solani, when present in association with 
M.incognita, influenced the moderately resistant response of 
var. IC-503 to M.incognita but both, R.reniformis and 
M.incognita, when present in association with R.solani, were 
capable of breaking the resistance of IC-244 against R.solani, 
Similarly, the moderately resistant response of vars. EC-4213A 
and RC-8 to R.reniformis and resistant response of the same 
varieties to R.solani broke down when inoculated simultaneously 
with either R.reniformis + M.incognita or R.reniformis + R.solani 
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i or M,incog:nita + R.solani, However, there was no significant 
increase in the population of R.reniformis on var, EC-4213A 
when inoculated s4.multaneously with R.reniformis + R.solani 
though it's population was significantly increased on var, RC-8 
(Table-12; Fig.13-A to F and Appendix-lX). 
3.8 EFFICACY OF DIFFERENT INOCULUM LEVELS OF PAECILOMYCES LILACINUS 
I FOR THE BIOLOGICAL CONTROL OF R.RENIFORMIS, M.INCOGNITA AND 
\ R.SOLANI ON CO-y^ PEA : 
The efficacy of four different inoculum levels of 
P.lilacinus (0,25, 0,50, 1,0 and 2^0 g/pot) was tested for 
the control of R.reniformis, M.incognita and R.solani 
infections on cowpea plants. It is evident from the data 
presented in Table-13; Figs.l4-Ato Dj 15 A to D and Appendix-
X, that P.lilacinus was not pathogenic on cowpea but reduced 
the plant damage when inoculated simultaneously with either 
I 
* of the test pathogen, 
(i) EFFECT OF P.LILACINUS ON THE PARASITISM OF R.RENIFORMIS : 
Addition of increasing inoculums of P.lilacinus 
(0,25, 0.50, 1,00 and 2,00 g fungus/plant), simultaneous 
to R.reniformis inoculation, caused only 25,21, 24,77, 22,81 
and 17.44% reduction in plant growth and 29.07, ' 18,60, 27.91 
and 13.95% reduction in nodulation respectively as against 
27.19 and 22,09% corresponding reductions in growth and nodu-
lation caused by R.reniformis alone. However, the improvement 
in plant growth and nodulation was significant only when 
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P.lilacinus was added at the rate of 2.0 g/plant. 
No female was found infected with P.lilacinus when 
lowest inoculum level (0,25 g) was used but 11,26 and A5% 
females were found parasitized at its increasing inoculum levels 
(0,50,1,00 and 2,00g) per pot respectively(Fig.a).Similarly, , 
no egg mass was found parasitized by the fungus at lower 
fungus inoculums (Go25 and 0.50 g) while, 18 and 33% egg masses 
developed fungus infection (Fig.b) at higher inoculum levels 
(1,0 and 2,0 g respectively). Consequently, the nematode 
multiplication was also adversely affected by the fungus 
parasitism. Thus, the reproduction factor of R.reniformis 
which was 8,9^ when present alone, came down to 8,15, 7,47, 
6,22 and 5o11 in the presence of increasing inoculums of 
P.lilacinus. Reduction in nematode multiplication was, 
however, significant only when higher fungus inoculums (1 or 
2 g) were used (Table-13; Figs,14-B;15-B and Appendix-X), 
(ii) EFFECT OF P.LILACINUS ON THE PARASITISM OF M.INCOGNITA 
Here also, the addition of increasing inoculum of 
P.lilacinus caused only 42,29, 37.68, 29o83 and 22.519^  reduc-
tion in plant growth and 48,84, 30.23, 23.25 and 16.28% 
reduction in nodulation respectively as against 47,73 and 
40.69% corresponding reductions in growth and nodulation 
caused by M,incognita alone. 
TABLE -13 : Efficacy of di-Cerent inoculum lev 
M.incoRnita and R.solani infection 
„^ . J. Inoculum 
Treatments ^^^^-^^ 
Control 0.00 
P.lilacinus 0,25g 
P.lilacinus 0,50g 
P.lilacinus 1.OOg 
P.lilacinus 2.OOg 
L.S.D.(at 3% level) 
L.S.D.(at ^% level) 
Control 0.00 
R.reniformis 1000 IF* 
Dryweight "g" 
Shoot Root Total 
10.79 2.45 13.24 
11.37 2.53 13.90 
10.14 2.49 12.63 
10.98 2.42 13.40 
11.38 2.48 13.86 
2.032 1.326 1.021 
2.956 1.930 1.486 
10.79 2.45 13.24 
7.88 1.76 9.64 
Rr*+Pl* 1000+0.25 8.00 1,77 9.77 
Rr+Pl 1000+0.50 8,15 1.B1 9.96 
Rr+Pl 1000+1.00 8.30 1.92 10.22 
Rr-PI 1000+2.00 8.95 1.98 10.93 
L.S.D.(at 5% level) 
L.S.D.(at ^% level) 
Control 0.00 
K.incognita 1000 L* 
Mf+Pl 1000+0.25 
Ml+Pl 1000+0.50 
Mi+Pl 1000+1.00 
Mi+Pl 1000*2.00 
L.S.D.(at 3% level) 
L.3.D.(at ^% level) 
Control 0.00 
R.solani 1.OOg 
Rs*+Pl 1+0.25g 
Rs+Pl 1+0.50g 
Rs+Pl 1+1 .OOg 
Rs+Pl 1+2.OOg 
L.S.a. (at 3% level) 
L._.D.(at 1% level) 
0..702 0.147 0.820 
0.998 0.209 1.166 
10.79 2.45 13.24 
5.68 1.24 6.92 
6.22 1.42 7.64 
6.69 1.56 8.25 
7.63 1.66 9.29 
8.41 1.85 10.26 
0.925 0.287 1.083 
1.315 0.409 1.540 
10.79 2.43 13.24 
5.00 1.08 6.08 
5.59 1.18 6.77 
5.76 1.26 7.02 
6.76 1.48 8,24 
7.07 1.57 8.64 
.-. 1.745 
, -U 2.483 
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FIG.14-A : Effect of different inoculum levels of 
Paecilomyces lilacinus on the plant growth, 
P = Paecilomyces lilacinus 
SHOOT GROWTH : 
1 = Uninoculated (Control) 
2 = 0.25 g P.lilacinus inoculated 
3 = 0.50 g P.lilacinus inoculated 
4 = 1o00 g P.lilacinus inoculated 
5 = 2.00 g P.lilacinus inoculatea 
ROOT GROWTH : 
C = Uninoculated (Control) 
1 = 0.25 g P.lilacinus inoculated 
2 = 0.50 g P.lilacinus inoculated 
3 = 1.00 g P.lllacinus inoculated 
h = 2.00 g P.lllacinus inoculated 
/ V 
i^  
11 
iVl 
- i 
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FIG.U-A 
FIG.14-B : Efficacy of different inoculum levels of 
P.lilacinus for the biological control of 
R.reniformis 
1 = Uninoculated (Control) 
6 = R.reniformis inoculated 
7 = R.reniformis + 0,25 g P.lilacinus inoculated 
8 = R.reniformis + 0,50 g P.lilacinus inoculated 
9 = R.reniformis + 1,00 g P.lilacinus inoculated 
10 = R.reniformis + 2,00 g P.lilacinus inoculated 
FIG.U-B 
FIG.1A-C : Efficacy of different inoculum levels of 
P.lilacinus for the biological control of 
M,incognita 
1 = Uninoculated (Control) 
11 = M.incognita inoculated 
12 = M.incognita + 0.25 g P.lilacinus inoculated 
13 = M.incognita + 0.50 g P.lilacinus inoculated 
14 = M.incognita + 1,00 g P.lilacinus inoculated 
15 = M.incognita + 2,00 g P.lilacinus inoculated 
• ' ^ ^ 
BIOLOGICALI 
CONTROL ' 
il2 "14 
FIG. U-C 
i 
FIG.14-D : Efficacy of different inoculum levels of 
P.lilacinus for the biological control of 
R.solani. 
1- = Uninoculated (Control) 
16 = R.solani inoculated 
17 = R.solani -t- 0,25 g P.lilacinus inoculated 
18 = R.solani + 0,50 g P.lilacinus inoculated 
19 = R.solani + 1,00 g P.lilacinus inoculated 
20 = R.solani + 2.00 g P.lilacinus inoculated 
FIG. U-D 
FTGS.a-c : Infection of R.renlformis by P.lllaclnus 
I a - Infected female showing profusely sporulating 
i mycelium on and within the body. 
I 
\ b - Infected egg mass, 
^ c - Single deformed egg with shrunken inner 
contents due to fungus infection. 
F = Female 
I EM = Egg mass 
M = Mycelium 
E = Egg 
FIG.a FiG.b 
N 
FiG.c 
FIGS.d-g : Infection of M.Incognita by P.lilacinus 
d - Infected female showing profusely sporulating 
mycelium on and within the body, 
e - Infected egg mass. 
f - Single egg with slightly swollen egg shell 
and anatomosing mycelium within it. 
g - Deformed egg full of mycelium 
F = 
EM = 
M = 
E = 
Female 
Egg mass 
Mycelium 
Egg 
FIG.a FiG.e 
: ^ 
FIG.f FIG.I 
FIG.15; Efficacy of different inoculum levels of 
P.lilacinus for the biological control of 
R.renlformis, M.incognita and R.solani on 
cowpea. 
QD Piant growth g Nodulation B Reproduction factor of R.reniformis 
n Reproduction factor of M.incognita H Root-knot index 
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Increasing inoculums of the fungus caused correspond-
ingly increased parasitism of females (13, 28^ 36 and 60%) 
and egg masses (21,33t42 and 72%) resulting in the reduced^multi-
plication (Figs.d,e) of root-knot nematode(Reproduction .factor 
being 17.22, 1A.55, 10.07 and 7»2h as against 17.95 in the 
absence of the fungus). Consequently, the root-knot index 
was also low (3.36, 2.48, 1,64 and 0.96) in fungus inoculated 
treatments (Table-13;Figs,l4-C,15-B and Appendix-X), 
The beneficial effect of the fungus- treatment was 
significant at all inoculum levels except the lowest. 
(iii) EFFECT OF P.LILACINUS ON THE PARASITISM OF R.SOLANI: 
Similarly, the addition of increasing inoculums of 
P.lilacinus along with R.solani caused only 48.87, 46.97, 
37.76 and 34.74% reduction in plant growth and 55.81, 41,86, 
31.39 and 25.58% reduction in nodulation respectively as 
against 54.08 and 50.00% corresponding reductions in growth 
and nodulation caused by R.solani alone. However, the 
improvement in plant growth and nodulation was significant 
only when P.lilacinus was added at the rate of 1.00 or 2,00 
g/plant (Table-13; Figs.l4-D,15-D and Appendix-X). 
The effect of highest inoculum, of P.lilacinus (2,0 g/ 
pot) was tested against in interaction of test pathogens 
also because it was found most effective against each pathogen. 
•158 
3.9 EFFICACY OF P.LILACINUS IN THE BIOLOGICAL CONTROL OF A DISEASE 
COMPLEX INVOLVING ANY TWO OR ALL THE THREE TEST PATHOGENS: 
In the absence of P.lilacinus the plant growth 
reduction caused by R.reniformis, M.Incognita and R.solani 
was 23.^1, 39.08 and 47.31% respectively whereas nodulation 
reduction was 27.60, 32.38 and 50.48%. 
However, in the presence of P.lilacinus, the reduc-
tion in growth (15.86, 19.29 and 33.20%) and nodulation 
(19.05, 13o33 and 39.05%) was significantly less in each case. 
When P.lilacinus was simultaneously inoculated with either 
nematode species it parasitized a considerable percentage 
of females (40 and 56%) and egg masses (37 and 75%) of both 
R.reniformis and M.incognita respectively causing a consequent 
reduction in their multiplication (R = 4,49 against 7.86 and 
6,97 against 16.08 respectively) and root-knot index (1.96 
against 3.44). 
The interaction of the two nematode species together 
caused 48.48 and 53.33% reduction in plant growth and nodulation 
respectively but the addition of P.lilacinus significantly 
reduced it to only 26,15 and 30.48% reduction. In this treat-
ment, 34% females and 27% egg masses of R.reniformis and 60% 
females and 69% egg masses of M.incognita were found parasi-
tized by P.lilacinus, consequently deducing their multiplication 
(R = 5.19 against 6,26 and 6.42 against 12.88 respectively) and 
root-knot index (1.88 against 2.80). 
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FIG,16-A : Effect of individual and concomitant inocula-
tions of the test pathogens on plant growth. 
I = In the absence of P,lilacinus 
C = Uninoculated (Control) 
1 = R,reniformis inoculated 
2 = M,incognita inoculated 
3 = R.solani inoculated 
h - R.reniformis + M.incognita inoculated 
5 = R.reniformis + R.solani inoculated 
6 = M.incognita + R.solani inoculated 
7 = R.reniformis + M,incognita + R.solani 
inoculated. 
FIG. 16-A 
FIG.16-B : Efficacy of P.lUacinus for the biological 
control of a disease complex inovling any 
two or all the three test pathogens, 
PI = P,lilacinus inoculated 
C = Uninoculated (Control) 
1 == P.lilacinus inoculated 
2 = R.reniformis + P.lilacinus inoculated 
3 = M.incognita + P.lilacinus inoculated 
4 = R.solani + P.lilacinus inoculated 
5 = R.reniformis + M.incognita + P.lilacinus 
inoculated 
6 = R.reniformis + R.solani + P.lilacinus 
inoculated, 
7 = M.incognita + R.solani + P.lilacinus 
inoculated. 
8 = R.reniformis + M.incognita + R.solani + 
P.lilacinus inoculated. 
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FIG. 16-B 
FIG.17 : Efficacy of P.lilaclnus for the biological 
control of a disease complex involving any 
two or all the three test pathogens. 
P = P.lilacinus inoculated 
R = R.reniformis inoculated 
R+P = R.reniformis + P.lilacinus inoculated 
M = M.incognita inoculated 
M+P = M.incognita + P.lilacinus inoculated 
F = R.solani inoculated 
F+P = R.solani + P.lilacinus inoculated 
R+M = R.reniformis + M.incognita inoculated 
R+M+P = R.reniformis + M.incognita + P.lilacinus 
inoculated 
R+F = R.reniformis + R.solani inoculated 
R+F+P = R.reniformis + R.solani + P.lilacinus 
inoculated 
R+M+F = R,reniformis + M.incognita + R.solani 
inoculated 
R+M+F+P= R.reniformis + M.incognita + R.solani-t-
P.lilacinus inoculated 
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When R.solani v/as concomitantly inoculated with 
either R.reniformis or M.incognita, the plant grov;th reduc-
tion was 56.90 and 68.95% and nodulation reduction was 59.05 
and 67.62?6 respectively. However, the presence of P.lllacinus 
in the corresponding inoculations lessened the plant growth 
reduction to 43.29 and 38,59% and nodulation reduction to 40.95 
and 45,71%. In the corresponding treatments, 32% females and 
37% egg masses of R.reniformis while 57% females and 73% egg 
masses of M.incognita got parasitized by P,lilacinus, 
consequently reducing their multiplication (R = 4,91 against 
5,61 and 6,58 against 11o15 respectively) and root-knot 
index (1,60 against 2,44). 
Concomitant inoculation of all three test pathogens 
caused 78,94 aiid 75o23% reduction in plant growth and nodula-
tion respectively but the presence of P,lilacinus lessened 
the grovrth and nodulation reduction to 66,31 and 63.80% 
respectively. In this treatment 38 and 47% females while 
42 and 63% -egg masses of R.reniformis and M.incognita respec-
tively developed P,lilacinus infection which reduced their 
multiplication (R = 4,03 against 4.88 and 6,03 against 8,69 
respectively) and root-knot index (1,16 against 2,04), 
It is concluded that the application of highest 
inoculum of P.lilaclnus was significantly beneficial in reduc-
ing the plant damage caused by either of the test pathogens 
singly or in their various combinations beside being useful 
in reducing the nematode multiplication and root galling 
(Table-l4;Figs.l6-A and B; 17 and Appendix-XI), 
160 
3.10 EFFICACY OF SEED TREATMENTS WITH PESTICIDES. OIL-CAKES, 
NEEM-LEAF AND CULTURE FILTRATE OF P.LILACINUS ON SEEDLING 
EMERGENCE OF COWPEA INOCULATED WITH TEST PATHOGENS SINGLY 
OR IN COMBINATIONS : 
It is apparent from the perusal of the data presented 
in Table-15 that untreated uninoculated seeds showed 80.6796 
seedling emergence i.e. about 19.33% seeds failed to germi-
nate even in the control. All three test pathogens 
(R.reniformis, M,incognita and R.solani), both singly and 
in their various combinations, significantly hampered the 
seedling emergence in comparison to control. The seedling 
emergence was 5A.67, 60o33 and 68.67% when untreated seeds 
were inoculated with R.solani, M.incognita arid R.reniformis 
respectively. Seedling emergence was significantly reduced 
when untreated seeds were inoculated with any combination 
of pathogens with the maximum reduction having been caused 
by the concomitance of all three test pathogens (only 1*4.00% 
emergence). The combined inoculation with M.incognita and 
R.solani was more inhibitory to seedling emergence (30,00%) 
than the associatioh of R.reniformis and R.solani (38.67%) 
or R.reniformis and M.incognita (49.67%), There was, 
however, no significant difference in the percentage seedling 
emergence when inoculated with R..solani alone or with a 
combination of M.incognita and R.reniformis. 
The seedling emergence of uninoculated seeds did not 
significantly differ whether untreated or treated with 
aldicarb, neem-cake or neem leaf, while there was significant 
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improvement in seedling emergence when the seeds were treated 
with either culture filtrate of Paecilomyces lilacinus 
(92.67%) or Bavistin (88.33%). On the other hand, the seed 
treatment with groundnut cake was significantly inhibitory 
to emergence (74.33%). 
The percentage seedling emergence of untreated seeds 
was significantly low than the emergence of seeds treated 
with aldicarb, Bavistin, neem-cake and fungal filtrate 
whether inoculated with either of the nematode species or 
the fungus or with their various combinations. There was 
no significant beneficial effect of groundnut-cake seed 
treatment except when inoculated with M.incognita (66,67%) 
and R.solani (60.33%). Similarly, seed treatment with rieem-
leaf was beneficial only when the seeds were inoculated with 
either of the nematode species or their combination. In 
other words neem leaf treatment was not effective against 
infection of fungus or it's association with any of the 
nematode species. Relative efficacy of different seed treat-
ments differed for inoculations with different test pathogens 
and .their combinations. However, when inoculations were made 
with R.solani either individually or in combination with 
either nematode species, Bavistin treated seeds gave better 
emergence than the seeds treated with other materials, but 
in case of nematode inoculations aldicarb treated seeds gave 
higher emergence. 
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3.11 EFFICACY OF SEED TREATMENTS WITH PESTICIDES,OIL-CAKES, 
NEEM-LEAF AND CULTURE FILTRATE OF P.LILACINUS AGAINST 
NEFlATODE MULTIPLICATION AND PLANT GROWTH : 
(i) TREATED-UNINQCULATED AND UNTREATED-INOCULATED: 
None of the seed treatment materials exhibited either 
adverse or favourable effect on plant growth of uninoculated 
plants. In the present experiment, as also established in 
my other experiments, all three pathogens, when present singly 
or concomitantly, exhibited significant adverse effect on 
plant growth and nodulation of untreated-inoculated plants, 
V/hen untreated seeds were grown and seedlings were individually 
inoculated with either R.reniformis, M.incognita or R.solani, 
the plant growth reduction was 2A.28, 35.24 and 45.525^  and 
nodulation reduction was 19.46, 37.17 and 49,565^  respectively 
while the combined inoculation with all three test pathogens 
caused 79.52 and 84,9596 reduction in plant growth and nodu-
lation respectively. Reproduction factor of R.reniformis 
when present alone or concomitantly with other two pathogens, 
was 11.00 and 5.19 respectively. Similarly, the reproduction 
factor of M.incognita for corresponding inoculations was 
17.39 and 9.54 and the root-knot index was 3.96 and 2,44 
(Table-16; Figs.18-A,19-A and Appendix-XII). 
(ii) TREATED-INOCULATED : 
(a) Pesticide Treatments: 
Seed treatment with aldicarb and Bavistin signifi-
cantly reduced individual or combined adverse effect of 
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pathogens on plant growth and nodulation. The plant growth 
reduction was 15.33. 19<.90 and 39.339feind nodulation reduc-
tion was 9o73, 15.93 and 34.51% when the seedlings, raised 
from the aldicarb treated seeds, were inoculated individually 
with R.reniformls, M.incognita and R.solani respectively 
while concomitant inoculation of all three pathogens caused 
58o57 and 65.^9% reduction in plant growth and nodulation 
respectively. In case of Bavistin treatment, the correspond-
ing inoculations caused 14.95, 20o09, 10^00 and 45o24% plant 
growth reduction and 7.08, 25.66, 17.69 and 53.9896 nodula-
tion reduction. 
Nematode multiplication and root-knot index were also 
significantly low. In aldicarb treatment the reproduction 
factor of R.reniformls, when present alone or concomitantly 
with other pathogens, was 6,22 and 2,91 respectively. 
Similarly, the reproduction factor of M.Incognita for corres-
ponding inoculations was 7.75 and 4,20 and the root-knot 
index was 1.68 and 1.76. In Bavistin treatment, on the 
other hand, the reproduction factor of R.reniformls was 
7.54 and 3.77, when present alone or concomitantly with 
other pathogens respectively, and for M.incognita it was 
9.01 and 6,82% respectively. The root-knot index in the 
corresponding treatments was 2,48 and 1.68 (Table-16; 
Figs,18-B,C and 19-B and Appendix-12). 
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(b) Oil-cake Treatments; 
In case of neem-cake seed, treatment there was signi-
ficant improvement of plant growth and nodulation when inocu-
lated ^ with M.Incognita or R.solani individually or with all 
three pathogens together but there was no significant impro-
vement in plant growth and nodulation when inoculated with 
R.reniformis alone. On the other hand, seed treatment with 
groundnut cake had no significant beneficial effect on plant 
growth and nodulation when inoculated with either of the 
nematode species or all three pathogens together but there 
was significant improvement in plant growth and nodulation 
when inoculated with R.solani alone. The plant growth 
reduction was 16,29, 23.90 and 25.71% and nodulation reduc-
tion was 23.00, 28,32 and 31.86% when seedlings, raised from 
the neem-cake treated seeds, were inoculated individually 
with R.reniformis, M.incognita and R.solani respectively. 
While concomitant inoculation of all three pathogens caused 
63.62 and 70,79% reduction in plant growth and nodulation 
respectively. In case of groundnut cake seed treatment the 
corresponding inoculations caused 21,43, 29.52, 31.43 and 
74,48% plant growth reduction and 26,55, 32.74, 35.40 and 
79.65% nodulation reduction. 
Neem-cake seed treatment significantly reduced multi-
plication of both the nematode species when inoculated either 
individually or concomitantly with other pathogens, while 
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the root-knot index was significantly reduced only when 
the plants were inoculated with M.incognita alone. However, 
the seed treatment v/ith groundnut-cake neither significantly 
reduced the multiplication of either of the nematode species 
nor the root-knot index. In neern-cake treatment the 
Reproduction facxor of R.reniformis, when present alone or 
concomitantly with other pathogens, was 8.23 and 3.91 respec-
tively. Similarly, the Reproduction factor of M.incognita 
for corresponding inoculations was 11.47 and 7.25 and the 
root-knot index was 2.68 and 2oOO. In groundnut-cake treat-
ment, on the other hand, the Reproduction factor of R. 
reniformis, when present alone or concomitantly with other 
pathogens, was 10.09 and 5o21 respectively and for M.incognita 
it was 16.06 and 8,99 respectively. The root-knot index for 
tne corresponding:; treatments was 3.76 and 2.20 (Table-16; 
Figs.18-D,E & 19-D,E and Appendix-XII). 
(c) Neem-leaf and Fungus-filtrate Treatments; 
Seed treatment with neem-leaf did not significantly improve 
the plant growth and nodulation when inoculated with either of 
the nematode species or R.solani or with all three pathogens 
together. Similarly the seed treatment with fungus filtrate 
had also no significant beneficial effect on plant growth 
and nodulation when inoculated with either M.incognita or 
all three pathogens together but there was significant 
improver.ent in plant growth and nodulation when inoculated 
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FIG,18-A : Effect of individual and concomitant inocula-
tions of all the three test pathogens on 
plant growth. 
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FIG. 18-A 
FIG.18-B : Effect of seed treatment with aldicarb on 
the growth of plants grown in soil infested 
with R.reniformis, M.incognita and R.solani. 
B = Aldicarb treated 
o 
1 = Untreated and uninoculated (Control) 
7 = Aldicarb treated and uninoculated 
8 = R.reniformis inoculated and aldicarb treated 
9 = M.incognita inoculated and aldicarb treated 
10 = R.solani inoculated and aldicarb treated 
11 = R.reniformis + M.incognita + R.solani inocu-
lated and aldicarb treated. 
FIG.18-B 
FIG,18-C : Effect of seed treatment with Bavistin on the 
growth of plants grown in soil infested with 
R.reniformis, M.incognita and R.solani. 
A = Bavistin treated 
1 = Untreated and uninoculated (Control) 
7 = Bavistin treated and uninoculated 
8 = R.reniformis inoculated and Bavistin treated 
9 = M.Incognita inoculated and Bavistin treated 
10 = R.solani inoculated and Bavistin treated 
11 = R.reniformis + M,incognita + R.solani inocu-
lated and Bavistin treated. 
=-• _ « * B 
FIG. 18-C 
FIG.18-D : Effect of seed treatment with neem-cake on ' 
the growth of plants grown in soil infested 
with R.reniformis, M.incognita and R.solani 
G = Neem-cake treated 
1 = Untreated and uninoculated (Control) 
7 = Neem-cake treated and uninoculated 
8 = R.reniformis inoculated and neem-cake treated 
9 = M.Incognita inoculated and neem-cake treated 
10 = R.solani inoculated and neem-cake treated 
11 = R.reniformis + M.incognita + R.solani inocula-
ted and neem-cake treatedo 
\ '•'•^K^-^,, 
FIG.18-D 
FIG.18-E : Effect of seed treatment with groundnut-
cake on the growth of plants grown in 
soil infested with R.reniformis, M.incognita 
and R.solani, 
H = Groundnut-cake treated 
1 = Untreated and uninoculated (Control) 
7 = Groundnut-cake treated and uninoculated 
8 = R.reniformis inoculated and groundnut-cake 
treated. 
9 = M.incognita inoculated and groundnut-cake 
treated. 
10 = R.solani inoculated and groundnut-cake 
treated. 
11 = R.reniformls + M.incognita + R.solani inocu-
lated and groundnut-cake treated 
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FIG.18-E 
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FIG.18-F : Effect of seed treatment with neera-leaf 
powder on the growth of plants grown in 
soil infested with R.reniformis, M»incognita 
and R.solani. 
F = Neem-leaf treated 
1 = Untreated and uninoculated (Control) 
7 = Neem-leaf treated and uninoculated 
8 = R.reniformis inoculated and neem-leaf treated 
9 = M.incognita inoculated and neem-leaf treated 
10 = R.solani inoculated and neem-leaf treated 
11 = R.reniformis + M.incognita + R.solani inocu-
lated and neem-leaf treated. 
FIG.18-F 
FIG.18-G : Effect of seed treatment with culture filtrate 
of P.lilacinus on the growth of plants grown 
in soil infested with R.reniformis, M.incognita 
and R.solani 
C = Culture filtrate treated 
1 = Untreated and uninoculated (Control) 
2 = Culture filtrate treated and uninoculated 
3 = R.reniformis inoculated and culture filtrate 
treated. 
A = M.incognita inoculated and culture filtrate 
treated, 
5 = R.solani inoculated and culture filtrate 
treated. 
6 = R.reniformis + M.incognita + R.solani inocula-
ted and culture filtrate treated. 
^'^i^'^ 
FIG.18-G 
FIG.19"-AtoD : Efficacy af seed treatments with aldicarb, 
Bavistin and neem-cake against nematode 
multiplication and growth of plants grown 
in soil infested with R.reniformis, 
Mo incognita and R.solani 
UI = Uninoculated 
R = R.reniformis inoculated 
M = M.incognita inoculated 
F = R.solani inoculated 
R + M + F = R.reniformis + M.incognita + R.solani 
inoculated. 
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FIG.19-EtoG : Efficacy of seed treatments with ground-
nut-cake, neem-leaf and fungus filtrate 
against nematode multiplication and growth 
of plants grown in soil infested with 
R.reniformis, M.incognita and R.,solani : 
UI = Uninoculated 
R = R.reniformis inoculated 
M = M.incognita inoculated 
F = R.solani inoculated 
c 
R+M+F- = R.reniformis + M.incognita + R.solani 
inoculated. 
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with either R.reniformis or R.solani alone. The plant 
growth reduction was 20.38, 3A.29 and 38.38% and nodulation 
reduction was 25.65, 43.36 and 44,25% when seedlings, raised 
from the neem-leaf treated seeds, were inoculated indivi-
dually with R.reniformis, M.Incognita and R.solani respec-
tively. Concomitant inoculation of all three pathogens 
caused 82.29 and 78,76% reduction in plant growth and nodula-
tion respectively. In case of fungus filtrate seed treatment 
the corresponding Inoculations caused 15.33, 28„76, 36.38 
and 80.95% plant growth reduction and 8,85, 35.39, 30.97 
and 84,07% nodulation reduction, 
Neem-leaf treatment caused no significant reduction 
in the root-knot index or the multiplication of either 
nematode species whether inoculated with each pathogen 
separately or concomitantly. The multiplication of ^n:, --. 
R.reniformis, when present alone, was significantly reduced 
when fungus filtrate treatment was given to the seeds before 
raising the seedling. In 'neem-leaf treatment, the Reproduc-
tion factor of R.reniformis, when present alone or concomi-
tantly with other pathogens, was 11,52 and 4,97 respectively. 
Similarly,the Reproduction factor of M.incognita for 
corresponding inoculations was 17.77 and 9.09 and the root-
knot index was 4,24 and 2,64. In the fungus filtrate 
treatment, on the other hand, the Reproduction factor of 
R.reniformis was 8,18 and 4,57, when present alone or 
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concomitantly with other pathogens respectively and for 
M.incognita it was 15.54 and 8,53 respectively. The 
root-knot index in the corresponding treatments was 3.A4 and 
2.12 (Table-16, Figs,18-F,G & 19-D,F,G and Appendix^CCE). 
3.12 EFFECT OF INDIVIDUAL AND COMBINED INOCULATIONS OF 
R.RENIFORMIS,M.INCOGNITA AND R.SOLANI ON NITROGEN.PHOS-
PHORUS AND POTASSIUM CONTENTS OF LEAF AND ROOT OF COWPEA 
It is evident from the^ , data presented in Table-17 
that inoculation of plants with all three test pathogens 
either singly or concomitantly in their various combinations, 
caused significant decreases in the" Nitrogen (N), Phosphorus 
(P) and Potassium (K) contents of leaf and root tissues 
except when inoculated either with M.Incognita alone or 
combinedly with R.reniformis in which treatments there was 
increased accumulation of Phosphorus (0,348 and 0,32596 
respectively) and Potassium (1,524 and 1,3649^  respectively) 
in the roots. 
Individually, R.solani caused more reduction in the 
NPK content both of leaf and root (N=2.562%, P=0,331%, 
K=2.25656 and N=1,125%, P=0.232% and K=0,89696 respectively) 
.than caused either by M.incognita (N=2.75096, P=0,35496, 
K=2.^ 8896 and N=1.37596 respectively) or R.reniformis (N=3.12596, 
P=Oo39496, K=2.67296 and N=1.56296, P=0.26796, K=1.10096 respec-
tively). However, the reduction in P content of leaf was 
not significant when inoculated with R.reniformis alone. 
Table-17: Effect of individual and combined inoculations of 
R.reniformis, M.incognita and R.solani on Nitrogen, 
Phosphorus and Potassium contents of leaf and root. 
Nitrogen % Phosphorus % Potassium % 
Treatments Leaf Root Leaf Root Leaf Root 
Control 
(Uninoculated) 3.625 1.937 0.412 0.296 2.936 1.264 
R . ren i fo rmis (Rr ) 3.125 1.562 0.394 0.26? 2.672 1.100 
M.incogni ta (Mi) 2.750 1.375 0.354 0.348 2.488 1.524 
R . so lan i (Rs) 2.562 1.125 0o331 0.232 2.256 0.896 
Rr + Mi 2.375 1.000 0.336 0.325 2.292 1.364 
Rr + Rs 1.875 0.750 0.273 0.179 1o748 0.676 
Mi + Rs 1.437 0.562 0.244 0.215 1.528 0.868 
Rr + Mi + Rs 0 . 8 7 5 - 0.312 0o197 0.128 1.168 0.444 
L.S.D. 
(at 5% level) 0.367 0.247 0.036 0o021 0,204 0.060 
L.S.D. 
(at ^% level) Oo509 0.342 0.051 0.030 0„283 0o083 
Itl8 
Simultaneous inoculation of all three pathogens,quite 
expectedly, caused maximum reduction in the 1*^K contents 
of leaf (N=0.875%, P=0,19796 and K=1.16896) and root (N=0,31296 
P=0o128% and K=0,44496). Similarly, concomitant inoculation 
of R.solani with either R.reniformis or M,incognita reduced 
the NPK contents both of leaf (N=1.87596, P=0.273^»K»1.74896 
and N=1.43796, P=0.24496, K=1.52896 respectively) and root 
(N=0.75096, P=0.17996, K=0.67696 and N=0.56296, P=0.21596, 
K=0.86896 respectively). On the other hand, the combined 
inoculation with R.reniformis and M.incognita resulted in 
the reduced NPK contents of leaf (N=2.37596, P=0.33696 and 
K=2,29296) and only N content of root (1.0096). 
3.13 EFFECT OF INDIVIDUAL AND COMBINED INOCULATIONS OF R.RENIFORMIS, 
M.INCOGNITA AND R.SOLANI ON PROLINE CONTENT OF THE LEAF AND 
ROOT : 
Data presented in Table-18 showed that infection of 
all three test pathogens, whether present singly or in their 
various combinations', caused significant increase in the 
o 
proline content of leaves and roots. Rhizoctonia solani 
caused greater increase in proline concentration (17.748 ;LI 
moles/g leafi 13.041 p. moles/g root) than caused either by 
M.incognita (16.225 p. moles/g leaf; 12,316 p. moles/g root) 
or R.reniformis (14.696 p moles/g leaf; II.O6O p moles/g 
root). Maximum accumulation of proline (26.103 p moles/g 
leaf; 20.259 p moles/g root) was found in plants concomi-
tantly inoculated with all three pathogens followed by plants 
TABLE-18: Effect of^individual and combined inoculations of 
R.reniformis, M.incognita and R.solani oh proline 
concentration in leaves and roots of cowpea plants, 
Treatments 
Proline 
( p. moles/g fresh weight material) 
Leaf Root 
Control 
(Uninoculated) 
R.reniformis (Rr) 
M.incognita (Mi) 
R.solani (Rs) 
Rr + Mi 
Rr + Rs 
Mi + Rs 
Rr + Mi + Rs 
12.283 
14.696 
16.255 
17,748 
18.582 
20.811 
23.733 
26.103 
1.295 
1.798 
8.885 
11.060 
12.316 
13.041 
14.069 
15.541 
17.629 
20.259 
0.764 
1.060 
L.S.D.(at 5% level) 
L.S.D.(at 1% level) 
169 
inoculated with M.in^ cognijta and R,solani (23.733 p. moles/g 
leafi 17.629 p. moles/g root), R.reniformis and R.solani 
(20.811 p. moles/g leafj 13.541 ;u moles/g root) and 
R.reniformis and M.incognita (18.582 p. moles/g leaf^^14,059 
p. moles/g root), 
3.14 EFFECT OF INDIVIDUAL AND COMBINED INOCULATIONS OF R.RENIFORMIS 
M.INCOGNITA AND R.SOLANI ON LEGHAEMOGLQBIN CONTENT OF THE 
ROOT NODULES; 
Data presented in Table-19 clearly indicates that all 
three test pathogens whether present singly or in their 
various combinatitms, significantly reduced leghaemoglobin 
concentration of root nodules. Rhizoctonia solanl infection 
caused greater reduction (4,32 mg/g nodules) than caused 
either by M.incognita (4,91 mg/g nodules) or R.reniformis 
(5.60 mg/g nodules). The greatest reduction (1,44 mg/g 
nodules) in leghaemoglobin content was, however, caused by 
the simultaneous inoculation of all three test pathogens, 
followed by combined inoculation with either M.Incognita and 
R.solani (2.08 mg/g nodules) or R.reniformis and R.solani 
(2,^5 mg/g nodules) or R.reniformis and M.incognita (3.94 mg/g 
nodules). 
3.15 EFFECT OF INDIVIDUAL AND COMBINED INOCULATIONS OF R.RENIFORMIS, 
M.INCOGNITA AND R.SOLANI ON WATER ABSORPTION CAPABILITY OF 
• CQWPEA ROOTS : 
It is evident from the data presented in Table-20 
that all three' test pathogens, whether present singly 
TABLE-19 • Effect of individual and combined inoculations of 
R.reniformis, M.incognita and R.solani on leghae-
moglobin concentration in root nodules. 
Treatments Leghaemoglobin 
Cmg/g nodules) 
Cont rol 
(UNINOCULATED) 6.88 
R.renformis (Rr) 5,60 
M.incognita (Mi) 4,91 
R.solani (Rs) 4.32 
Rr + Mi 3,94 
Rr + Rs 2.45 
Mi + Rs 2,08 
Rr + Mi + Rs 1.44 
L.S.D.(at 5% level) 0,613 
L.S.D.(at ^% level) 0.851 
TABLE - 20: Effect of individual and concomitant inoculations 
of R.reniformis, M.incognita and R.solani on water 
absorption capability of cowpea roots. 
Treatments Water absorbed Percentage reduction 
(ml) over control 
Control 
(Uninoculated) 
R.reniformis (Rr) 
M.incognita (Mi) 
R.solani (Rs) 
Rr + Mi 
Rr + Rs 
Mi + Rs 
Rr + Mi + Rs 
14.8 
11.7 
10.8 
10.0 
8.4 
6.4 
4.6 
2.9 
20.94 
2 7.-02 
32.43 
43.24 
56.75 
68.91 
80.40 
L.S.D.(at 5% level) 
L.S.D.(at 1% level) 
1.510 
2.096 
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or in their various combinations, significantly reduced 
water absorbing capacity of plants. Rhizoctonia solani 
infection caused greater reduction (32,439^ ) in water 
absorbing capacity than caused either by M.incognita (27.02%) 
or R.reniformis (20,94%), The greatest reduction (80.40%) 
was, however, caused by the simultaneous inoculation of 
R.reniformis, M.incognita and R.solani, followed by inocu-
lation with either M.incognita and- R.solani (68.91%) or 
. R.reniformis and R.solani (56.75%) or R.reniformis.-^ 
M.incognita (43,24%). 
3ol6 EFFECl OF DIFFERENT DILUTIONS OF FUNGAL FILTRATES OF TEN 
FUNGI ON THE MORTALITY OF R.RENIFORMIS AND M.INCOGNITA jUNf 
VITRO 
All fungal- filtrates tested showed nematicidal 
effect of varying degree on both reniforra and root-knot 
nematodes (Tables- 21 and 22), Percentage mortality of 
nematodes was directly proportional to the concentration 
of fungal filtrate and the period for which the nematodes 
were exposed to each filtrate. Rate of mortality was low 
in the beginning but an appreciable increase was recorded 
only after 24 hours of exposure. Filtrates of Paecilomyces 
lilacinus and Rhizopus nigricans were respectively the most 
and least nematicidal for both nematode species, whereas 
the effect of other filtrates was considerably variable. . 
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Percentage mortality of R.renlformis differed in 
filtrates of different fungi. P.lllacinus and Alternaria 
tenuis were comparatively more toxic to reniform nematode 
than the culture filtrates of Curvularia lunata, Rhizoctoni 
solani, Cunninghamella echinulata, Fusarium solanl, 
Trichoderma viride, Aspergillus clavatus and Penjcillii^ m 
citrinum and R.nigricans. 
The "S" concentration of P.lilacinus and A.tenuis 
filtrates caused cent percent mortality of reniform 
nematode within 24 hours. While a 12 hours exposure to 
the corresponding fungal filtrate resulted in only 64 and 
3^% mortality. In the same concentration of C.echinulata, 
C.lunata, F.solani, R.solani and T.viride cent percent 
mortality was achieved after 48 hours exposure. Rhizopus 
nigricans was least nematicidal which caused only 37% 
mortality even after 96 hours of exposure. In the filtrates 
°^ P»citrinum and A.clavatus, on the other hand, the 
mortality was 54 and 67% respectively at the end of same 
exposure period (Table-21 and Fig.20-A). 
There occurred cent percent mortality within 48 
hours in the S/2 concentration of P.lllacinus and R.solani 
filtrates but in the same concentration of A.tenuis, 
C.echinulata, C.lunata, F.solani and T.viride cent percent 
mortality was obtained at 96 hours exposure. More than 50% 
mortality was, however, observed within 24 hours in the 
fungal filtrates of A.tenuis, C.lunata, F.solani and 
P.lllacinus (Table-21 and Fig.20-B). 
TABLE-21 : 1" vitro effect of different dilutions of fungal filtrates of ten different fungi 
and Richard' 
Treatments 
D i s t i l l e d water 
Richards medium 
Al te rna r i a t enu i s 
Aspergi l lus c lavatus 
Cunninghamella e chmula t 
Curvularia lunata 
Fusariura solani 
Paecilomyces l i l a c m u s 
Penlc i l l lum ci tr inum 
RhiEoctonia so lan i 
Rhizopus n ig r i cans 
Tnchoderma v i r i d e 
L .S .D. (a t 5% l e v e l ) 
L .S .D . (a t ^% l e v e l ) 
' s mpdium 
Exposure 
time 
(Hrs.) 
12 
24 
48 
96 
12 
24 
48 
96 
12 
24 
48 
96 
12 
24 
48 
96 
12 
24 
48 
96 
12 
24 
48 
96 
12 
24 
48 
96 
12 
24 
48 
96 
12 
24 
48 
96 
12 
24 
48 
96 
12 
24 
48 
96 
12 
24 
48 
96 
-
-
on • the mortal 
Percentage 
0 
00 
00 
00 
00 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
— 
S 
_ 
-
-
-
00 
00 
04 
09 
51 
100 
100 
100 
33 
40 
51 
67 
57 
65 
100 
100 
71 
81 
100 
1*^ 0 
55 
64 
100 
100 
64 
100 
100 
100 
30 
45 
49 
54 
58 
72 
100 
100 
11 
30 
34 
37 
49 
62 
100 
100 
16.339 
22.208 
i t y of 
' mortal 
S/2 
. 
-
-
-
00 
00 
00 
06 
42 
56 
63 
100 
17 
26 
38 
51 
24 
37 
43 
100 
41 
54 
63 
100 
40 
53 
60 
100 
48 
62 
100 
100 
17 
24 
37 
42 
34 
48 
100 
100 
07 
10 
15 
26 
38 
43 
64 
100 
13.649 
18.552 
R.reniformis 
• 
i t y / c o n c e n t r a t i o n s of 
Richards medium 
Reniforra 
S/10 
_ 
-
-
-
00 
00 
00 
00 
21 
27 
35 
43 
00 
00 
05 
22 
00 
12 
16 
33 
28 
31 
46 
60 
25 
30 
34 
49 
27 
34 
42 
100 
00 
04 
07 
19 
10 
19 
26 
46 
00 
00 
00 
03 
00 
07 
36 
45 
18.450 
25.078 
nematode 
S/100 
_ 
-
-
-
00 
00 
00 
00 
00 
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FIG.20-A : Effect of fungal filtrates (S) of ten fungi 
and Richard's medium (S) on the mortality, 
of R.reniformis. 
AT = Alternaria tenuis 
AC = Aspergillus clavatus 
CE = Gunninghamella echinulata 
CL = Curvularia lunata 
FS = Fusarium solani 
PL = Paecilomyces lilacinus 
PC = Penicillium citrinum 
RS - Rhlzoctonia solani 
RN = Rhizopus nigricans 
TV ^ Trichoderma viride 
RM * Richard's medium 
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FIG.20-B : Effect of fungal filtrates (S/2) of ten fungi 
and Richard's medium (S/2) on the mortality 
of R.reniformis. 
AT = Alternaria tenuis 
AC = Aspergillus clavatus 
CE = Cunninghamella echinulata 
CL = Curvularia lunata 
FS = Fusarium solani 
PL = Paecilomyces lilacinus 
PC = Penicillium citrinum 
RS = Rhizoctonia solani 
RN = Rhizopus nigricans 
TV = Trichoderma viride 
RM = Richard's medium 
Exposure Period: g12hrs QD 24hr$0 48hrs D 96hrs 
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FIG.20-C : Effect of fungal filtrates (S/10) of ten 
fungi and Richard's medium (S/10) on the 
mortality of R.reniformis. 
AT = Alternaria tenuis 
AC = Aspergillus clavatus 
CE = Cunninghamella echinulata 
CL = Curvularia lunata 
FS = Fusarium solani 
PL = Paecilomyces lilacinus 
PC = Penicillium citrinum 
RS = Rhizoctonia solani 
RN = Rhizopus nigricans 
TV = Trichoderma viride 
RM = Richard's medium 
Exposure Period:@12hrs QD 2 4 h r s 0 4 8 h r s D 96hrs 
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FIG.20-D : Effect of fungal filtrates (S/100) of ten 
fungi and Richard's medium (S/100) on the 
mortality of R.reniformis. 
AT = Alternaria tenuis 
AC = Aspergillus clavatus 
CE = Cunninghamella echinulata 
CL = Curvularia lunata 
FS = Fusarium solanl 
PL = Paecilomyces lilacinus 
PC = Peniclllium citrinum 
RS = Rhizoctonia solani 
RN = Rhizopus nigricans 
TV = Trichoderma viride 
RM = Richard's medium 
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Cent percent moi:tality was also recorded in the 
"S/10" concentration of P.lilacinus filtrate at 96 hours 
exposure while, the other fungi caused only less than 509^  
mortality. Twelve hours exposure to the S/10 filtrates of 
C.echinulata, P.citrinum and T.viride, however, caused no 
mortality. Similar dilutions of A.clavatus and R.nigricans 
were also not toxic to R.reniformis even if exposed for 
24 and 48 hours respectively (Table~21 and Fig,20-C). 
Lowest dilution (S/100) of the filtrates was least 
nematicidal. The filtrates of P.lilacinus, A.tenuis, 
C.lunata, F.solanl, T.viride, R.solani and C.echinulata 
caused 38, 29, 28, 27, 27, 22 and 12% mortality of reniform 
nematode respectively at the maximum exposure period. On the 
other hand, there was no mortality even after 96 hours in the 
filtrates of A.clavatus, P.citrinum and R.nigricans (Table-21 
and Fig,20-D). The mortality of reniform nematode decreased 
significantly with the increase in the dilution of fungal 
filtrate except at 12 hours exposure period between "S" 
and "S/2" dilutions of A.tenuis and R.nigricans. Similarly, 
at 24 hours exposure there was no significant difference 
between "S" and "S/2" concentrations of F.solanl filtrates. 
Percentage mortality of nematodes in "S/10" and "S/100" 
dilutions of A.tenuis and R.solani at 24 and 48 hours 
exposure, respectively was also not significantly different. 
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Percentage mortality of root-knot nematode also 
differed in filtrates of different fungi. Filtrates of 
P.lilacinus were more nematicidal to M.incognita than those 
of others. The "S" concentration of P.lilacinus filtrate 
brought about cent percent mortality within 12 hours but 
, the same percentag'^  mortality in the filtrates of C.lunata, 
F.solani, T.viride, R.solani and C.echinulata was obtained 
after 24 hours exposure. Percentage mortality after 12 
hours in the filtrates of these fungi was, however,only 
65, 61, 53, ^Q and k5% respectively. Fungal filtrates of 
A.tenuis, A.clavatus and P.citrinum resulted in cent percent 
mortality within 48 hours but after 12 and 2A hours exposure 
the percentage mortality was 57, 37 and 44% and 66, 39 and 
50% respectively. Filtrate of R.nigricans caused cent 
percent mortality only after 96 hours exposure but at 12, 
24 and 48 hours it caused only 16, 27, and 32% mortality 
respectively (Table-22 and Fig.21-A). 
Cent percent mortality was observed within 24 hours 
in the S/2 concentration of P.lilacinus filtrate while 12 
hours exposure resulted in only 67% mortality. Similarly, 
filtrates of €.lunata, F.solani, R.solani and T.vlride 
caused cent percent mortality within 48 hours and'those 
of A.tenuis and P.citrinum within 96 hours. The filtrates 
of C.echinulata, A.clavatus and R.nigricans resulted in 
only 53, 47 and 37% mortality respectively even when-'exposed 
for 96 hours (Table-22,and Fig,21-B). 
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Cent percent mortality was also observed in the S/2 
dilution of C.lunata, P.lilacinus and T.viride filtrates at 
96 hours exposure. On the other hand, the fungal filtrates 
of R.nigricans, A.clavatus, P.citrinum, C.echinulata, A.tenuis, 
R.solani and F.solani resulted in only 16, 17, 17, 21, A5, 
51 and 64% mortality respectively. There was no nematicidal 
effect of A.tenuis, C. echinulata., R.solan! and T.viride, 
upto 12 hours, and of A.clavatus, P.citrinum and R.nigricans 
upto 48 hours (Table-22 and Fig.21-C). 
Lowest concentration (S/100) was least effective on 
the mortality of root-knot nematode. The fungal filtrates 
of R.nigricans, A.clavatus, P.citrinum, C.echinulata, A.tenuis, 
R.solani, T.viride, C.lunata, F.solani and P.lilacinus showed 
8, 10, 11, 16, 20, 26, 35, 43, 46 and 49% mortality respec-
tively at the maximum exposure period (96 hours). There 
was no mortality upto 12 hours in the filtrate of T.viride, 
upto 24 hours in the filtrates of A.tenuis and R.solani, 
and upto 48 hours in the filtrates of A.clavatus, C.echinulata, 
P.citrinum and R.nigricans (Table-22 and Fig.21-D). 
Mortality of root-knot nematode decreased significantly 
with the increase in the dilution of fungal filtrate,except 
at 48 hours exposure in the dilutions between "S/10" and 
"S/100" of P.lilacinus. Similarly, filtrate of F.solani 
did not show significant difference between "S/10" and 
"S/100" concentrations at 12 and 48 hours exposure period. 
TABLE- 22: ^ vitro effect of different dilutions of fungal filtrates of ten different fungi 
and Richard's medium on the mortality of H.incognita 
Treatments 
Exposure 
time 
(Hrs.) 
Percentage mortality/concentrations of fungal filtrates and 
Richard's medium 
Root-knot nematode 
S/2 S/10 S/100 L.S.D.(at 5% level) 
L,S.D.(at 
'\% level) 
Distilled water 
Richardb medium 
Alternaria tenuis 
Aspergillus clavatus 
l^unninghamella echlnulata 
Curvularia lunata 
Fusarium solani 
Paecilomyces lilacinus 
Penicllliura cltrinum 
Rhizoctonia solani 
Rhlzopus nigricans 
Trichoderma viride 
l<i 
2A 
48 
96 
12 
24 
48 
96 
12 
24 
48 
96 
12 
24 
48 
96 
12 
24 
48 
96 
12 
24 
48 
96 
12 
24 
48 
96 
12 
24 
48 
96 
12 
24 
48 
96 
12 
24 
48 
96 
12 
24 
48 
96 
12 
24 
48 
96 
uu 
00 
00 
00 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
— 
-
-
-
00 
00 
11 
16 
57 
66 
100 
100 
37 
39 
100 
100 
45 
100 
100 
100 
65 
100 
100 
100 
61 
100 
100 
100 
100 
100 
100 
100 
44 
50 
100 
100 
48 
100 
100 
100 
16 
27 
32 
100 
53 
100 
100 
100 
00 
00 
03 
09 
4f 
47 
100 
12 
20 
38 
47 
19 
28 
35 
53 
53 
65 
100 
100 
45 
60 
100 
100 
67 
100 
100 
100 
21 
26 
43 
100 
26 
37 
100 
100 
4 
6 
11 
37 
46 
50 
100 
100 
00 
00 
00 
00 
00 
06 
16 
45 
00 
00 
00 
17 
00 
08 
10 
21 
21 
24 
36 
100 
11 
22 
25 
64 
27 
40 
47 
100 
00 
00 
00 
17 
00 
13 
22 
51 
00 
00 
00 
16 
00 
11 
20 
100 
00 
00 
00 
00 
00 
00 
07 
20 
00 
00 
00 
10 
00 
00 
00 
16 
08 
11 
26 
43 
02 
07 
16 
46 
13 
19 
33 
49 
00 
00 
00 
11 
00 
00 
04 
26 
00 
00 
00 
08 
00 
03 
10 
35 
-
-
6.188 
4.889 
15.350 
11.858 
17.530 
13.250 
14.550 
12.428 
15.639 
19.370 
10.869 
16.630 
13.639 
18.440 
12.000 
14.430 
15.739 
20.741 
15.768 
13.940 
17.449 
14.839 
13.639 
19.329 
16.270 
11.679 
8.349 
11.700 
13.492 
8.559 
14.479 
12.570 
16.380 
12.399 
5.880 
9.639 
7.630 
11.760 
6.379 
8.770 
12.551 
14.001 
-
-
9.375 
7.406 
23.254 
17.964 
26.557 
20.073 
22.042 
18.828 
23.691 
29.345 
16.466 
25.193 
20.663 
27.935 
18.179 
21.860 
23.834 
31.420 
23.888 
21.119 
26.435 
22.479 
20,663 
29.281 
24.645 
17.693 
12.648 
17.6-^9 
20.359 
12.967 
21.934 
19.043 
24.815 
18.783 
8.908 
14,602 
11.558 
17.816 
9.664 
13.286 
19.013 
21,211 
L.S.D,(at 5% level) 
L,S.D.(at ^% level) 
20.450 15.870 14.149 17.459 
27.795 21.571 19.231 23.730 
FIG.21-A : Effect of fungal filtrates (S) of ten fungi 
and Richard's medium (S) on the mortality 
of M.incognita. 
AT = Alternaria tenuis 
AC = Aspergillus clavatus 
CE = Cunninghamella echinulata 
CL = Curvularia lunata 
FS = Fusarlum solani 
PL = Paecilomyces lilacinus 
PC = Penicillium citrinum 
RS = Rhizoctonia solani 
RN = Rhizopus nigricans 
TV = Trichoderma viride 
RM = Richard's medium 
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FIG.21-E : Effect of fungal filtrates (S/2) of ten fungi 
and Richard's medium (S/2) on the mortality 
of N.incognita, 
AT = Alternaria tenuis 
AC = Aspergillus clavatus 
CE = Cunninghamella echinulata 
CL = Curvularia lunata 
FS = Fusarium solani 
PL = Paecilomyces lilacinus 
PC = Penicillium. citrinura 
V — — — — 
RS = Rhizoctonia solani 
RN = Rhizopus nigricans 
TV = Trlchoderma viride 
RM = Richard's medium 
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FIG.21-B 
FIG.21-C : Effect of fungal filtrates (S/10) of ten 
fungi and Richard's medium (S/10) on the 
mortality of M.incognita. 
AT = Alternaria tenuis 
AC = Aspergillus clavatus 
CE = Cunninghamella echinulata 
CL = Curvularia lunata 
FS = Fusarium solani 
PL = Paecilomyces lilacinus 
PC = Penicillium citrinum 
RS = Rhlzoctonia solani 
RN = Rhizopus nigricans 
TV = Trichoderma viride 
RM = Richard's medium 
Exposure Period: @ 12hrs [ni24hrs 0 4 8 h r s n 96hrs 
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FIG.21-D : Effect of fungal filtrates (S/100) of ten 
fungi and Richard's medium (S/100) on the 
mortality of M.incognita. 
AT = Alternaria tenuis 
AC = Aspergillus clavatus 
CE = Cunninghamella echinulata 
CL = Curvularia lunata 
FS = Fusarium solani 
PL = Paecilomyces lllacinus 
PC = Penicillium citrinum 
RS = Rhizoctonia solani 
RN = Rhizopus nigricans 
TV = Trichoderma viride 
RM = Richard's medium 
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Differences in nematode mortality were also not significant 
between' "S/10" and "S/100" dilutions in the fungal filtrates 
of C.lunata and T.viride (at 24 and 48 hours) and C. 
echinulata, P.citrinum and R.nigricans (at 96 hours). 
The sterilized Richard's liquid medium was diluted 
and tested for toxicity in order to find out the effect of 
the medium itself on the reniforra and root-knot nematodes. 
My results have revealed that the medium itself affected 
the nematodes mortality to some extent. In "S" and "3/2" 
concentrations tfte mortality of reniform nematode was 9 and 
5%, respectively and that of root-knot nematode was 16 and 
9% at 96 hours exposure. However, no mortality was observed 
in "S/10" and "S/100" concentrations even at the maximum 
exposure period (Tables-21 and 22), 
3.17 IN VITRO EFFECT OF DIFFERENT DILUTIONS OF FUNGAL FILTRATES 
OF TEN FUNGI ON THE CUMULATIVE LARVAL HATCH OF R.RENIFORMIS 
AND M.INCOGNITA : 
Generally, the different dilutions of fungal filtrates 
of all the test fungi showed significant inhibition in the 
larval emergence both of reniform and root-knot nematodes 
to a varying degree. There was relative decrease in the 
larval emergence with the corresponding increase in the 
concentration of fungal filtrates. 
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Complete suppression of larval emergence of reniform 
nematode was observed in the "S" concentration of A.tenuis, 
C.echinulata, C.lunata, P.lilacinus and T,viride. Percentage 
inhibition of larval hatching was 86.70, 79.78, 57.55, 63.83 
and 55.85 in the "S" concentration of the fungal filtrates 
of R.solani, F.solani, A.clavatus, P.citrinum and R.nigricans 
respectively in comparison to control (i.e. distilled water). 
Complete suppression of hatching was not observed in 
the "S/2" concentration of any fungus filtrate but inhibi-
tion as high as 96.80% occurred in the filtrate of T.viride. 
This was followed by P.lilacinus (93.61%), C.lunata (81.91%), 
C.echinulata (73.^^0%), A.tenuis (69.68%), R.solanl (64.89%), 
F.solani (42.55%), P.citrinum (40.42%), A.clavatus (22.87%) 
and R.nigricans (18.61%). Similarly, in "S/10" concentration 
the maximum inhibition of hatching was recorded in P.lilacinus 
(75.00%) followed by T.viride (59.57%), C.lunata (31.91%), 
R.solani (29.25%), F.solani (25.53%), A.tenuis (23.40%), 
C.echinulata (18.61%), P.citrinum (13.83%), A.clavatus 
(5.31%) and R.nigricans (4,20%). It was interesting to note 
that lowest concentration S/100 of filtrates of C.echinulata, 
A.clavatus and R.nigricans stimulated hatching by 5.31%, 
7.44 and 9.57% respectively but the filtrates of other 
fungi viz. P.lilacinus, C.lunata, R.solani, A.tenuis, 
F.solani, T.viride and P.citrinum inhibited hatching by 
31.91, 25.53, 20.21, 15.42, 12.76, 10,10 and 2.66% respec-
tively. Richard's medium also showed some inhibitory effect 
TAELE-23: Effect of different dilutions of culture filtrates of 10 fungi and Richards' medium 
on the cumulative larval hatch of Rotylenchulus reniformis in vitro. 
Average number of larvae hatched after 5 days/concentrations of 
fungal filtrates and Richards medium 
Treatments 
Reniform nematode 
S/2 S/10 
LTsTDlit L.S.D.fet 
S/100 5% l eve l ) '\% l eve l ) 
Alternaria tenuis 00 
(-100.00) 
57 
^69.68) 
144 
(-23.40) 
159 
(-15.42) 
14.456 21.032 
Aspergillus clavatus 61 
(-67.55) 
145 
f22.87j 
178 
( -5 .31} 
202 
( *7 .44) 
17.330 25.266 
Cunninghamella echinulata 00 
(-lec.oo) 
50 
(-73.40) 
153 
(-18.61) 
198 
(+5.31) 
14.883 21.653 
Curyularia lunata 00 
( -100.00) 
34 
(•81.91) 
128 
(-31.91) 
140 
(-25.53) 
12.858 18.707 
Fusarium solani 38 
(-79.78) 
108 
(-42.55) 
140 
e25.53) 
164 
(-12.76) 
15.367 22.357 
Paecilomvces lilacinus 00 
(-100.00) 
12 
(•93.61) 
47 
(-75.00) 
128 
e31.91) 
10.561 15.366 
Peniclllium citrinum 68 
(-63.83) 
112 
e40.42) 
162 
(-13.83) 
183 
(-2.66) 
13.774 20.039 
Rhizoctonla solani 
Rhizopus nigricans 
25 
(-86.70) 
83 
(-55,85) 
66 
^64.89) 
153 
(-18.61) 
133 
(-29.25) 
180 
(-4.20) 
150 
e20.21) 
206 
(+9.57) 
11.380 
11.671 
16.557 
16.979 
Trichoderma vlride 00 
(-100.00) 
6 
(-96.80) 
76 
(-59.57) 
169 
(-10.10) 
10.691 15.554 
Richardfe medium 158 
(-15.95) 
171 
(-9.04) 
183 
(-2.66) 
199 
(+5.85) 
15.639 22.754 
Distilled water (control) 188 
L.S.D. (at 5% level) 
L.S.D.(at 1% level) 
16.339 13.649 18.450 15.449 
22.208 18.552 25.078 20.998 
In parenthesis are given percentage reduction (-) or stimulation (+) of larval 
hatch over control. 
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on hatching (15o95, 9.04 and 2,66?^ ) in the "S", "S/2» and 
"S/10" dilutions respectively. The lowest concentration 
(S/100), on the other hand, had stimulatory effect (5.85%) 
more hatching than in distilled water). 
Inhibition of hatching increased significantly with 
the increase in the concentration of fungal filtrates. 
However, inhibition of hatching in "S/10" concentration of 
the filtrates of A.clavatus and R.nigricans was not 
significantly different from the control. Similarly, in 
"S/100" dilution inhibitory affect was not significant in 
the filtrate of P.citrinum. Stimulation of hatching in the 
"S/100" concentration of R.nigricans was significant, but 
was not significant in the filtrates of A.clavatus and 
C.echinulata (Table~23 and Fig.22). 
Larval emecgence of root-knot nematode was completely 
suppressed in the "S" concentration of A.tenuis, C.Iunata, 
P.lilacinus and T.viride filtrates but the percentage 
inhibition of hatching was 97.4?, 90.14, 87.60, 80.56, 55.49, 
and 29e86 in the culture filtrates of R.solani, F.solani, 
C.echinulata, P.citrinum, A.clavatus and R.nigricans respec-
tively. Similarly,"S/2" concentration of T.viride also 
effected complete inhibition of hatching. Filtrate of 
A.tenuis caused 84.50% inhibition and it was followed by 
P.lilacinus (77.74%), R.solani (73.80%), C.echinulata 
(63.66%), C.lunata (53.52%), F.solani (48.73%), A.clavatus 
(25.91%), R.nigricans (19.15?^ ) and P.citrinum (18.59%). 
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In the "S/10" concentration the percentage inhibition of 
hatching was 56.90, 47.04, 38.59, 33.80, 30.14, 25.07, 
15.21, 10.42, 6.47 and 5.91 in the fungul filtrates of 
T.viride, P.lilacinus, C.lunata, F.solani, A.tenuis, 
R.solani, P.citrinum, C.echinulata, A.clavatus and 
R.nigricans respectively. On the other hand, lowest concen-
tration (S/100) of filtrates of T.viride, A.clavatus, 
C.echinulata and R.nigricans had stimulatory effect and 
caused 11.97, 5.35, 9.57 and 13.24 per cent more hatching 
respectively than in the control. At this concentration 
the other fungi viz, P.citrinum, R.solani, A.tenuis, F.solani, 
C.lunata and P.lilacinus caused 3,94, 17.75, 22.81, 28.45, 
32,68 and 40.00 per cent inhibition respectively. Richard's 
medium was also inhibitory to some extent at all concentra-
tions except the lowest (S/IOO) which was slightly stimula-
tory. 
Inhibition of hatching tended to increase .signifi-
cantly with the increase in the concentration of fungal 
filtrates. However, inhibition of hatching between "S/10" 
and "S/100" concentrations of the filtrate of A.tenuis was 
not significantly different. Similarly, there was no 
significance in hatching inhibition in the S/100 concen-
tration of P.citrinum filtrate whereas the stimulatory 
effect of the filtrates of C.echinulata and R.nigricans 
was significant. The stimulatory effect of the, filtrates -^  ; 
°^ T.viride and A.clavatus was also not significantly 
different from the control (Table-24 and Fig,23). 
TA2LE-24 : Effect of different dilutions of culture filtrates of ten fungi and Richard's medium 
on the cumulative larval hatch of HeloidoCTne incognita in vitro. 
Average number of larvae hatched after '5 days/concentrations of funga] 
filtrates and Richards medium 
Treatments 
Root-knot nematode 
S/2 S/10 S/-IOO L,S,D.(at 
5% level) 
L.S.D.(at 
l^y^vel) 
Alternaria tenuis 00 
(-100.00) 
55 
e84.50) 
248 
(-30.14) 
274 
e22.81) 
27.649 .40.266 
Aspergillus clavatus 158 
(-55.49) 
263 
(-25.91) 
332 
(-6.47) 
374 
(+5.35) 
29.839 43.414 
Cunnlnghamella echlnulata 44 
(-87.60) 
129 
e63.66) 
318 
(-10.42) 
389 
(+9.57) 
32.759 47.661 
Curvular la lunata 00 
(-100.00) 
165 
(-53.52) 
218 
(-38.59) 
239 
(-32.68) 
17.574 25.568 
Fusarium solanl 35 
(-90.14) 
182 
e48.73) 
235 
(-33.80) 
254 
^28.45) 
15.090 21.955 
Paecllomyces lilaclnus 00 
(-100.00) 
79 
(-77.74) 
188 
e47.04) 
213 
e40.00) 
19.822 28.839 
Penic i l l lum ci tr inum 69 
(-80.56) 
289 
(-18,59) 
301 
(-15.21) 
341 
(-3.94) 
16.790 24.428 
Rhizoctonia solanl 
(-97.47) 
93 
(-73.80) 
266 
(-25.07) 
292 
(-17.75) 
24.349 35.425 
Rhlzopus nigricans 249 
(-29.86) 
287 
(-19.15) 
334 
(-5.91) 
402 
(+13.24) 
23.680 34.452 
Trlchoderma virlde 00 
(-100.00) 
00 
(-100.00) 
153 
(-56.90) 
362 
(+11.97) 
22.977 33.429 
Rlohardfe medium 278 
(-21.69) 
297 
^16.34) 
338 
(-4.79) 
368 
(+3.66) 
18.579 27.031 
Distilled water (control) 355 
L.3.D.(at 3% level) 
L.S.D,(at 1% level) 
20.450 15.870 14.149 17.459 
27.795 21.571 19.231 23.730 
In parenthesis are given percentage reduction (-) or stimulation (+) of larval hatch 
over control. 
FIG.23: In vitro effect of different dilutions of 
fungal filtrates of ten fungi and Richard's 
medium on the cumulative larval hatch of 
M.incognita. 
AT = Alternaria tenuis 
AC = Aspergillus clavatus 
CE = Cunninghamella echinulata 
CL = Curvularia lunata 
FS = Fusarium solani 
PL = Paecilomyces lilacinus 
PC = Penicillium citrinum 
RS = Rhizoctonia solani 
RN = Rhizopus nigricans 
TV = Trichoderma viride 
RM = Richard's medium 
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3.18 IN VITRO EFFECT OF DIFFERENT DILUTIONS OF FUNGAL FILTRATE 
OF TEN FUNGI ON THE GROWTH OF RHIZOCTONIA SOLANI : 
The results presented in Table-25 and Fig.24 indicate 
that in general, the fungal filtrates of different test 
fungi significantly inhibited the growth of R.solanl. The 
reduction in mycelial weight of R.solani was, however, found 
directly correlated to the concentration of the. fungal 
filtrate. Maximum reduction in mycelial weight (72,24%) 
was brought about by the "S" concentration of T.viride. This 
was followed by 67.43, 60.49, 58.28, 51.42, 50.47, 35.55, 
29.42, 25.39 and 8.73% weight reduction due to the filtra-
tes of C.lunata, P.lilacinus. R.nigricans. F.solani, A.dlavatus, 
C,echinulata, A.tenuis, P.citrinum and R.solani respectively. 
The S/2 concentration of T.viride caused 64.83% reduction 
in mycelial weight followed by 55.83, 48,82, 39.59, 33.28, 
30.60, 18.61, 12.46, 10.33 and 3.31% due to filtrates of 
P.lilacinus, C.lunata, A.clavatus. R.nigricans, F.solani, 
A.tenuis, C.echinulata. P.citrinum and R.solani respectively. 
The "S/10" filtrates of C.echinulata, P.citrinum and 
R.solani, on the other hand, increased the mycelial weight 
to about 2.60, 2.97 and 4.57% respectively over the control. 
However, the same concentration of T.viride, P.lilacinus 
C.lunata, R.nigricans. A.clavatus, F.solani and A.tenuis 
filtrates resulted in 32.57, 27.45, 20,50, 12.38, 10.72, 
7«57 and 5.44% reduction in mycelial weight. The "S/100" 
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FIG.24 : _In vitro effect of different dilutions of 
fungal filtrates of ten fungi on the growth 
of R.solanl. 
AT = Alternaria tenuis 
AC = Aspergillus clavatus 
CE = Cunninghamella echinulata 
CL = Curvularia lunata 
FS = Fusariuiti solanl 
PL = Paecilomyces lilacinus 
PC = Penicillium citrinum 
RS = Rhizoctonia solani 
RN = Rhizopus nigricans 
TV = Tr±choderma viride 
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concentration of C.echlnulata, C.lunata, R.nigricans and 
T.viride similarly reduced mycelial weight of the fungus 
by 1.58, 3.78, 4.81 and 15.46% respectively. Mycelial 
weight was, however, increased when treated with the 
filtrates of R.solani, F.solani, A.tenuis, P.citrinum, 
A.clavatus and P.lilacinus and the percentage increase over 
control was 2.44, 2,76, 3.86, 4.02, 5.99 and 8.35% respec-
tively, 
Differenct concentrations of the fungus filtrate of 
R.solani did not significantly affect the growth of R.solani 
Omly T.viride and P.lilacinus filtrates (S/100) showed 
significant inhibitory and stimulatory effects respectively 
on the growth of R.solani, while there was no marked effect 
of this concentration of other fungi on R.solani growth. 
The inhibitory effect of "S/10" filtrates of all the fungi 
except that of A.tenuis, C.echlnulata, F.solani and 
P.citrinum was significant. Similarly, the "S" and "S/2" 
concentrations showed significant inhibitory effect on the 
growth of the fungus as compared to control (Table-25 and 
Fie.24). 
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Chapter - IV 
D I S C U S S I O N 
/ In the soil eco-system, roots of plants are constantly 
exposed to the multiplicity of organism including fungi, 
nematodes, bacteria and viruses etc., many of which are common 
components of the soil biosphere. As they occupy the same 
environmental niche, such organisms besides influencing the 
plants, are likely to influence each other as well. Plant 
parasitic nematodes are capable of producing recognizable 
disease symptoms on suitable susceptible hosts. Most of the 
diseases caused by nematodes are debilitating. However, in 
association with other pathogens the disease picture is often 
drastically altered, that is it changes from debilitating to 
annihilating. The interaction and interrelationship between 
different pathogens, such as nematode-fungus (Powell, 1963» 
1971a and b and 1979; Pitcher, 1965; Bergeson,1972; Kumar and 
Sivakumar,1981; Ribeiro and Ferraz,1983; Edward £t al.,1984), 
nematode-nematode (Oostenbrink eit al.1956; Thome,1957; 
Chapman,1959; Santo and Lear,1976; Kaplan and Timmer,1982; 
Griffin,1985), nematode-Rhizobium (Malek and Jenkins,1964; 
Taha and Kassab,1980; Meredith et al.,1983; Carappo £t al.1984) 
and fungus-Rhizobium (Tu,1978;Sawada,1983; Zambolim and Schenk, 
1984) have been reported from time to time. These investiga-
tions have led to a change from mono-pathogenic to multi-
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pathogenic disease concept. In a recent study, constant con-
comitant occurrence of the two nematode species viz, Rotylenchulus 
reniformis and Meloidogyne incognita and a fungus Rhizoctonia 
solani was observed in several cowpea growing areas of Aligarh 
and Banda districts of Uttar Pradesh, India. Patches of several 
damaged cowpea plants were observed in several fields examina-
tion of soil and root samples from such poor patches revealed 
the presence of moderate to high populations of M.incognita and 
R.reniformis associated with the root-rot fungus, R.solani. 
In other neighbouring areas where these pathogens were present 
singly, the plant damage was comparatively less. These observa-
tions evoked interest to study the problem and determine whether 
this enhanced damage was casual or because of the interaction 
of two or more pathogens. 
^ For determining the inoculum threshold of both nematode 
species and the fungus, the seedlings of cowpea were separately 
inoculated with different inoculum levels of each nematode 
species (10, 100, 1000 and 10,000 nematodes/plant) and the 
fungus (0,25, 0.50, 1.0 and 2.0 g of fungus/plant). Lowest 
inoculums of both nematode species and the fungus caused no 
significant damage or plant growth reduction but with the increas-
ing inoculums there was increased plant growth reduction whether 
inoculated with either of the nematode species or the fungus. 
Similarly, the rate of multiplication of each nematode species 
decreased with the increase in inoculum level (Table-3 and 
Figs.1to4). Since the root surface area for both, the lower 
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and higher inoculums, remained the same crowding of nematodes 
at high inoculum densities created competition among nematodes 
which resulted in their natural death and reduced multipli-
cation. The high rate of multiplication at low levels of 
inocula, on the other hand, could possibly be due to the 
positive factors like abundance of food, lack of competition 
and the ability of host to support these levels of population. 
The progressive decrease in plant growth and nematode multi-
plication with the increasing inoculums of nematodes has also 
been reported by Chapman (1959)» Seinhorst (I96O); Oostenbrink 
(1966); Dhawan and Sethi (1976); Gupta and Yadav (1979); 
Dhruj and Vaishnav (1981); Salem and Eissa (1981); Mishra and 
Gaur (1981); Thakar and Yadav (1985) and of R.solani by Baker 
and Martinson (1970); Azam (1975) and Zakiuddin (I98A), Economic 
damage to cowpea was caused by 1000 nematodes of either nematode 
species and the inoculum threshold of R.solani was 1.0 g per 
pot. These levels of inocula were, therefore, used for other 
investigations. 
•* My results clearly demonstrate that plant growth 
reduction was directly proportional to the increase in inocu-
lum levels of test pathogens, Rhizoctonia solani was the 
most damaging pathogen followed by M.incognita and R.reniformis« 
The effect of nematode-nematode and nematode-fungus interactions 
on plant growth and nodulation in the present studies was in 
most cases synergistic or nearly synergistic. In particular, 
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the combinations of either nematode species with higher 
inoculums of the fungus acted synergistically to reduce plant 
growth and nodulation (Table-4 and Fig.6). \ 
The multiplication rate of both, R.reniformis and 
M.incognita, when present singly, was high at low inoculum 
desnties and with the increasing inoculum density there was 
a corresponding decrease in the rate of their multiplication. 
It is evident from the data presented in Table-4 and Fig,6 
that low initial inoculum of M.incognita had no adverse effect 
on the multiplication of R.reniformis, but its high initial 
inoculum drastically suppressed the multiplication of R. 
reniformis. The multiplication of M.incognita, on the other 
hand, was not affected. Similar findings have been reported 
by earlier workers also. Thomas and Clark (1983b) reported 
that in the field studies, high levels of M.incognita suppressed 
R.reniformis, and R.reniformis had no effect on the root-knot 
nematode multiplication. Sharma and Sethi (1976) reported 
density dependent relationship between root-knot and cyst 
nematodes. Low populations of M.incognita had no effect on 
Heterodera glycines in soybean plants, yet high populations 
suppressed cyst nematode (Ross,1964). Winoto and Lim (1972) 
concluded that only very high populations of M.incognita 
affect the population growth of R.reniformis, Braun _et al. 
(1975) reported that high initial inoculum level of 
Pratylenchus neoamblycephalus or Criconemoides xenoplax 
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suppressed the multiplication of the other species when present 
in combination. 
It was interesting to note that a few rhizobial nodules 
were also developed even on the non-bacterized cowpea plants 
which might have been due to the presence of native Rhizobium 
(Bopaiah ejt al, ,1976b). Plant health was significantly 
improved as a result of bacterization and therefore the bacte-
rized plants, when inoculated with test pathogens, either 
singly or in various combinations, suffered significantly less 
damage than the inoculated unbacterized plants. Significantly 
reduced multiplication of nematodes on bacterized plants 
as compared to their reproduction on non-bacterized plants 
substantiate my findings of reduced damage to the bacterized 
plants (Table-3, Figs.7-AtoE and 8-AtoD). 
It appears that the legumes derive possible disease 
protection from their association with Rhizobium. This is in 
agreement with Bopaiah et al.(1976a,b); Sharma and Sethi 
(1976) and Upadhyay and Kumar (1983)» who reported that the 
addition of Rhizobium reduced, to some extent, the damage 
caused by the nematode. However, my results are at variance 
with those of Ali _et al.(1981) and Varshney (1982) who 
observed greater damage to bacterized cowpea plants. Simi-
larly, my results are in agreement with Orellana et al,(1976) 
and Orellana and Worley (1976) who reported that Rhizoctonia 
root-rot of soybeans caused by R.solani was less severe on 
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nodulated than on non-nodulated plants. Chou and Schmitthenner 
(1974) and Tu (1978 and 1980) concluded that the decreased 
Phytopathora root-rot on soybeans was probably due to the 
antifungal activity of soil Rhizobium (Tu,1978; Drapeau e;t al. 
1973). 
^^All three pathogens, when present together, whether 
inoculated simultaneously or sequentially caused maximum 
plant damage but individually, R.solani was most damaging. 
In treatments involving only two pathogens the combination of 
M.incognita and R.solani caused maximum plant growth reduction.I 
The root-knot and reniform nematodes interact both 
ecologically and etiologically. The ecological interaction 
affects the reproductive capacity of the nematodes, whereas 
the etiological interaction alters the development of plant 
disease. It was interesting to note that in the absence of 
Rhizobium all interactions, whether involving two or all 
three pathogens, were negative but in the presence of 
Rhizobium they tended to be positive except when all three 
pathogens were inoculated (Table-5 and Figs.7-AtoE and 
8-AtoD). Positive effect of interactions of different 
nematodes on different plant species has been reported earlier 
also such as that between M.incognita, Pratylenchus penetrans 
and Tylenchorhynchus agri on creeping bent grass (Sikora _et al. 
1972); M.incognita and T.brassicae on tomato (Alam et al., 
1975); M.hapla and Heterodera schachtii on Beeta vulgaris 
(Jatala and Jensen,1976); P.vulnus and Xlphlnema index on 
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grape vine (Pinochet et al.,-1975) M.incognita and R.reniformis 
on soybean (Singh, 1976); M.incognita and H.ca.jani on cowpea 
(Sharma and Sethi,1976) and H,schachtii and Ditylenchus 
dipsaci on sugarbeet (Griffin,1983). While Estores and Chen, 
(1970), Sharma and Sethi (1975b); Vaishnav and Sethi (1978) 
and Mishra and Gaur,(1981), observed negative interactions,-
^^ Cowpea seedlings were inoculated with either of the 
nematode or fungus separately as well as together simulta-
neously and sequentially with an interval of 15 days between 
the nematode and fuHgal inoculations to determine whether 
the interaction was concomitant or sequential. Simultaneous 
inoculation of R.solani with either R.reniformis or M.incognita 
showed positive interaction. Such interactions involving 
different nematode and fungus species have also been, reported 
earlier (Cauquil and Shephered,1970; Azam,1975; Chhabra ej: al_o 
1977; Sharma et al.,1980; Kumar and Sivakuraar,1981; Carter, 
1981; Raut,1983). There were no significant differences in 
plant growth reduction of bacterized plants whether the plants 
were simultaneously inoculated with either nematode species 
and the fungus (M.incognita or R.reniformis with R.solani) 
or when the nematode inoculation preceded the fungus 
(M.incognita or R.reniformis 15 days prior to R.solani respec-
tively), but, on the other hand, there was significantly less 
reduction in plant growth when the fungus preceded nematode 
inoculation (R.solani 15 days prior to either R.reniformis 
or M.incognita). These findings are in agreement with the 
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observations of Inagakia & Powell (1959), Chhabra et al.(1977) 
Reddy e_t al. (1979), Singh et al.(l981), Mani (1983) and 
Zakiuddin (1984) but at variance with the findings of Porter 
and Powell (1967), Powell and Batten (1967), Dun (1970), 
Melendez and Powell (1969), Hedrick and. 
Southards (1976), De Souza (1978) and Negron _et al,(1982). 
y It shows that prior inoculation with nematodes had a 
predisposing effect on cowpea plants for fungus infection. 
Although studies were not conducted to determine as to how the 
root-knot and reniform nematodes predisposed cowpea plants to 
fungus attack but the stress and weakness of plants caused by-
prior nematode infection was probably the major predisposing 
factor. In addition, nematodes might have provided infection 
courts through which fungus entry might have been facilitated 
(Smith,195A). Moreover, it is well known that nematodes can 
induce certain physiological alterations within the host 
plant. These alternations might have favoured fungus infec-
tion and development. 
Lesser reduction in growth of plants inoculated with 
the fungus followed by nematodes is understandable, as it is 
likely that by the time the plants were inoculated with the 
nematodes the fungus got sufficient time to colonize the 
cortex making it less suitable for nematode attack or the 
fungus secretions produced adverse effects on nematodes, as 
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o'bserved in the present laboratory studies (Tables 21 to 24) 
and also reported earlier (Shukla & Swarup,1971; James,1966). 
Low root-knot index and poor nematode multiplication can be 
attributed to the interference of the fungus with the proper 
establishment of nematodes, I, therefore, came to the conclu-
sion that whatever aggravated damage occurs in such a situation 
to the plant, it is mostly due to the fungus and only partly 
due to the nematodes. 
There are reports that interaction between root-knot 
and reniform nematode species can be suppressive for either 
or both nematode species (Singh,1976; Kheir and Osman,1977; 
Taha and Kassab,1979, Mishra and Gaur,1981). For example, 
in simultaneous inoculation on soybean, M.incognita suppressed 
R.reniformis but was not itself affected (Singh,1976). 
Similar results were obtained on black gram (Mishra and Gaur, 
1981), but on grape seedlings the two species were mutually 
antagonistic although M.incognita was little more competitive 
over time (Rao and Seshadri,1981), but Kheir and Osman,(1977), 
on the other hand, observed that R.reniformis reduced the 
multiplication rate of M.incognita except when the initial 
inoculum of M.incognita was significantly high. Whereas Taha 
and Kassab (1979,1980) observed that R.reniformis initially 
inhibited M.javania but, was less competitive over time. 
In my experiments when the seedlings were inoculated 
with a mixture of root-knot and reniform nematodes, the 
population of each nematode species inhibited the multiplica-
tion of the other but M.Incognita was more competitive. 
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(Table-5 and Fig,8-A). Various explanations have been advanced 
from time to time to explain the reduction in population of 
nematodes resulting from concomitant inoculations (Ross,1964; 
Estores and Chen,1970; Chapman and Turner,1975; Sharma and 
Sethi,1976; Griffin and Waite,1982; Jatala and Jensen,1983; 
Pathak e_t al_. ,1985). Since our test plants were highly 
susceptible, both to root-knot and reniform nematodes, and 
the seedlings at the time of inoculation were fairly young, 
the larvae of root-knot and immature females of reniform 
nematode might have aggregated in a limited region of host 
root which hampered their penetration and proper establishment. 
Consequently, either due to competition or some kind of 
antagonism initial nematode population might have decreased 
and the population at the time of inoculation did not remain 
the same with which the seedlings were inoculated. This 
possibly resulted in the reduced multiplication of both nematode 
species. This presumption is supported by the fact that in 
my studies on nematode penetration (Tables-6 and 7) involving 
concomitant inoculations the penetration of both nematode 
species was significantly reduced. Alternatively, close 
proximity of infection courts of the two nematodes (Xylem 
parenchyma in case of root-knot nematode-ehristie,1936; 
Bird,1974 and the endodermis, pericycle and xylem parenchyma 
in case of reniform nematode-Heald,1975; Rebios et al.,1975; 
Brathwaite and Duncan,1974), enchanced the possibility of 
exchange of toxic metabolites from one feeding site to the 
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other which might have interfered in the establishment of 
normal host parasite relationship of nematodes. It has been 
reported that certain plant metabolites arrest the development 
and population build up of nematodes (Prasad and Setty,1974j; 
Mahmood,1980). Translocation of plant growth regulators (lAA 
and IBA produced by M.incognita) to the feeding site of 
R.reniformis might also have played some role in the reduced 
multiplication of R.reniformis, because auxins synthesized in 
one tissue are known to be easily translocated to the other 
organs of the plant (Meyer let al_. ,1966). The abnormally high 
amount of lAA and proteins (Owens and Novotny,1960; Owens and 
Specht,1966) as well as accumulation of certain mineral elements 
(Dropkin and King,1956; Maung and Jenkins,1959) in root-knot 
infected plants could also be responsible for the inhibition 
of R.reniformis multiplication. Although, equal numbers of 
M.incognita and R.reniformis were used for inoculation in my 
experiments, the variation in fecundity (production of 300-200 
and 500-1000 eggs/egg mass of R.reniformis and M.incognita 
respectively) and viability of eggs of the two nematode species 
may also account for the differences in their rates of multi-
plication. 
The data pertaining to sequential inoculation test 
showed that prior establishment of one nematode species in-
variably inhibited the multiplication of the other nematode 
species subsequently inoculated (Table-5 and Fig,8-C). This 
reduction occurred presumably due to spatial and temporal 
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factors which operate in such a situation. The prior inocula-
tion with one nematode species might have induced certain 
biochemical and physiological changes in the host plant vrtiich 
were not favourable for the other nematode species subsequently-
inoculated. Additionally, the nematode inoculated subsequently 
got little time for completion of its life cycle. My results, 
though substantiate the earlier findings of Gay and Bird, (1973'3 
Mc Intyre and Miller (1975); Pinochet £t al.(1976) and Sharma 
and Sethi (1976), are at variance from Jatala and Jensen 
(1976,1983) who reported that prior inoculation of H.schachtli 
on sugarbeet in the green house suppressed M.hapla, but 
previous infection by M.hapla stimulated H.schachtli multi-
plication. 
\The rate of multiplication of both nematode species 
was poor in the presence of R.solani, whether inoculated 
simultaneously or sequentially as compared to inoculations with 
nematode alone (Table-5 and Fig,8-C). Determental effect of 
various fungi on nematode populations has been reported by 
earlier workers and is ascribed to destruction of root tissues 
by the fungus before the completionv of nematode life cycle 
(Nath et al.,1969; Taha and Kassab,1979; Carter,I98I; Farhat 
and Kheir,1983). Another possible reason could be the toxicity 
of fungal exudates on nematodes in addition to certain physio-
logical changes in the host due to infection and interaction 
of nematode and fungus. The possibility of occurrence of 
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toxic metabolites in the culture filtrates of certain fungi 
has been suggested by Southerland and Fortim (I968); Mankau 
(1969a,b); Shukla and Swarup (1971); Alam et al.,(1973) and 
Khan et al.(1984). In various nematode-fungal interactions 
the adverse effect of fungi on nematode multiplication has also 
been recorded (Dun and Hughes,1964; Ryder and Crittenden,1965; 
James,1968; Johnson and Littrell,1970; Jorgenson,1970; Powell, 
1971 a,b; Dave, 1975 and Zakiuddin,1984). According to Powell 
(1971 a)the fungus component of an interaction often produces 
the real effect on nematode populations and generally the 
population of sedentary forms like Meloidogyne and Heterodera 
species are reduced because they remain sedentary at one place 
and thus are subjected to influences of changes in the host 
system as a result of fungal infections. Contrarily, Seinhorst 
and Kuniyasu (1971), Prasad et al.(1980) and Varshney (1982) 
have reported significant increase in nematode population 
when the plants were inoculated with nematode and fungus or 
with fungus prior to nematode in comparison to nematode alone,/ 
The presence of test pathogens, whether individually 
or concomitantly in various combinations, not only reduced the 
number of nodules/root system but also reduced the size of 
nodules (Fig,9) as was also observed by others (Balasubramanian, 
1971; Sharma and Sethi,1976; Orellana and Worley,1976; 
Orellana _et al. ,1976; Taha and Kassab,1980; Varshney,1982; 
Dhangar and Gupta,1983; Meredith et al_. ,1983; Zambolim and 
Schenk,1984). It is presumed that reduction in number of 
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nodules may be due to the adverse effect of toxic substances 
from nematode and/or fungus infected roots on the Rhizobium 
itself. Nutman (1958) reported that the nodulation depended 
upon the supply and translocation of certain materials, parti-
cularly the carbohydrates from the shoot. Therefore, the reduced 
nodulation might have been due to the interruption in trans-
location and/or utilization of host plant material during gall 
formation or their consumption directly by the nematode and/ 
or fungus. Further, he suggested that rhizobial infection 
takes place through the root hairs into the cortex where the 
sites of nodulation exist. As the nematode or fungus infection 
depletes the root hairs, the rhizobial infection is inhibited. 
Reduction in nodulation may also be attributed due to some 
changes in the host metabolism due to nematode and/or fungus 
infection which makes it unsuitable or less preferred by the 
Rhizobium. 
Ichinohe (1961) and Epps and Chambers (1962) suggested 
that reduced nodulation might be due to antagonistic competi-
tion between nematode and Rhizobium. Reduction in nodulation 
may also be due to secretion of hydrolytic and oxidative 
enzymes or growth regulators by nematodes which could play 
determinative role in nodule development (Bergeson,1966; 
Doney et al.,1979; Ali et al.,1981). 
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Penetration of either nematode species was significantly 
inhibited on concomitant inoculation of cowpea seedlings (Table-
6 and 7). These results are in conformity with those of !]?urner 
and Chapman (1972) who concluded that invasion of root by some 
species of nematodes may influence the penetration of other 
species. Miller and Mc Intyre (1975) studied that physiolo-
gical changes in the host by Tylenchorhynchus claytoni inhibited 
penetration of Pratylenchus penetrans by 25-90% on tobacco 
cultivar "WS117". My results are at variance with those of 
Sharma and Sethi (1976) and Freckman and Chapman (1972), who, 
while working on M.incognita and Heterodera cajani on cowpea 
and H.trifolii and P.penetrans on red clover respectively, 
observed that neither of the nematode species affected the 
penetration of the other, Kaul and Sethi (1982) reported that 
in case of simultaneous inoculations M,incognita did not seem 
to interfere with the penetration of H.zeae while penetration 
of M.incognita was adversely affected by the presence of 
H.zeae. On the other hand, T.vulgaris tended to enhance the 
penetration of M.incognita. 
^••» Eleven varieties viz, Pusa, Dophasli, Russian giant, 
RC-2, RC-48, EC-4874, EC-99573, EC-101418, IC-RG, IC-200, 
IC-238 and IC-393 were found highly susceptible to all the 
three test pathogens, but no variety showed combined resistance 
against them. However, the varieties RC-8 and EC-4213A were 
moderately resistant against R.reniformis and resistant against 
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R.solani but these varieties were highly susceptible to M. 
incognita. Similarly, the variety CO-A which exhibited resis-
tance against R.solani showed susceptible and highly suscepti~ 
ble reactions against M»incognita and R.reniformis respectively. 
Resistance to R.reniformis was observed in S-488 which was, on 
the other hand, highly susceptible to M.incognita and R.solani. 
No variety showed resistance against M.incognita but IC-503 
was moderately resistant. The same variety was, however 
highly susceptible to R.reniformis and R.solani. Similarly, 
IC-244 was found resistant to R.so3.ani but highly susceptible 
to M.incognita and R.reniformis (Table-11).' 
In general, R.solani infection caused greater reduction 
in plant growth and nodulation of majority of the varieties 
than caused by the infection of M.incognita or R.reniformis, 
However, amongs the nematodes, M.incognita was more damaging 
than R.reniformis (Table-8,9,10 and Figs,10,11,12), 
^/*Breakdown of resistance of cowpea varieties against 
R.solani in the presence of nematodes (Table-5 and Figs,13-B,D, 
E and F) could have been due to the mechanical injury caused 
by nematodes to facilitate fungus entery or due to some bio-
chemical alternations caused by them which favoured fungus 
penetration and development. This hypothesis is supported by 
the observations of Khan & Muller (1982) who noticed vigorous 
R.solani mycelial growth and abundant sclerotial formation on 
root-knot nematode induced galls of radish roots. Moreover, 
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breakdown of fungal resistance of plants by nematodes has 
been reported by others also, (Sasser et_ al_. ,1953»1955; 
Thomason £t a]^. ,1959; Davis and Jenkins, 1963; Powell et al,, 
1971, Pitcher,1974; Krikun and Orian,1977, Kassim,1980), 
y" Presence of nematodes not only break the plant resis-
tance to fungus but also break the resistance against other 
nematodes (Table-5 and Figs,13-A,E and F) which may also be 
due to certain biochemical alterations in the host tissue 
which makes it a more suitable substrate for the other 
nematode species. My results on this count are in agreement 
with Jenkins and Coursen (1970), Paez £t al.(1975), Griffin 
(1980) and Eisenback (1983). 
^ It, therefore, appears that nematodes in such associa-
tions act as predisposing agents. 
v^ P^  I Paecilomyces lilacinus was not at all pathogenic to 
cowpea plants. The favourable effect of P.lilacinus for the 
control of either of the nematode species and R.solani on 
cowpea was density dependent i.e. with the increase in the 
inoculum level of P.lilacinus there was increasing improvement 
of plant growth and decrease in the root galling and reproduc-
tion factor of both root-knot and reniform nematode, species. 
Highest inoculum level (2.0 g/pot) of P.lilacinus gave the 
best results for reducing plant damage caused either by the 
individual pathogen (Table-13, Figs.14-AtoD and 15-AtoD), 
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or caused by their interaction (Table-14 and Figs,16,17). 
P.lilacinus was more effective against root-knot 
nematode than against reniform nematode or the root-rot fungus. 
Also, it was more effective against monopathogenic infections 
than against complexes, 
^It is reported that P.lilacinus is capable of parasi-
tizing nematode eggs and destroying the embryo. It also grows 
within the body of larvae and developing females resulting 
in their death (Jatala _et al. ,1979; Morgan-Jones et al., 1984), 
Jatala £t al.(1979,^980,1981) used P.lilacinus in Peru for 
controlling M.incognita and Globodera pallida on potatoes, 
both in the laboratory and under field conditions. They 
reported that this fungus consistently and efficiently reduced 
the populations of both the nematodes resulting in an improved 
yield. Furthermore, som.e other species of Paecilomyces (e.g. 
P.marguandii and P.variotii Bainier) and Pseudoeurotlum ovale 
Stolk have also been shown to be capable of destroying eggs, 
juveniles and adults of several nematode species (Lysek,1966; 
Domsch _et al^ .,1980; Godoy et al. ,1983). 
^ P.lilacinus effectively reduced root-knot and reniform 
nematode populations by killing females, reducing their fecun-
dity and parasitizing egg raasses-(Figs.a-g).Earlier^'reporta:that 
the hatched out juveniles become incapicitated in the presence 
of fungal hyphae indicate a primary, diffusible toxic effect 
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rendering them subsequently vulnerable to colonization. It 
has been reported that fungal penetration in the egg-shell 
takes place by mechanical rupturing of the vitteline layer 
through a narrow tube-like hyphal extension (Morgan-Jones 
£t al_. ,1984). It is also possible that partial disintigration 
of vitelline layer may also be due to exoenzyme production 
by the fungal h3rphae, possibly involving the presence of 
translocable, physiologically disorganizing factor, such as 
diffusible toxic metabolites. This disruption not only pre-
disposes the egg to fungal infection by physical weakening of 
the shell, but, also increases permeability, thus facilitating 
inward passage of fungal metabolites both toxic and enzymatic. 
This exopathic effect might be enough to abort the reproduc-
tive process. Once a fungal hypha enters an egg, enzymatic 
dissolution of the chitin layer takes place (Okafor,19D7,). 
It has been reported that mycelial proliferation on the 
nematode body results in probable biosynthesis of destructive 
metabolites endogenously. Further, endogenous mycelial 
proliferation might support the lysis of egg-shell material. 
Later, hyphae penetrate the larval cuticle. This endopathic 
activity of the fungus causes total degeneration of the egg 
contents and leads to the ultimate demise of the larvae. 
Efficacy of P.lilacinus on different nematodes parasitizing 
different crops has also been tested with fruitful results 
(Jatala,1985). P.lilacinus isolates from silkworm yielded 
oxalic, dipicolinic and succinic acids and some unidentified 
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amino acids, as well as large amounts of D-mannitol (Domsch 
et al_. ,1980). These chemicals might also be responsible for 
the killing of nematodes and inhibition of fungal growth, 
Paecilomyces variotii is known to produce cytotoxic agent 
and toxic metabolites in some food-stuffs (Domsch et al., 
1980). Contrary to ray findings, Cayrol et al,(1982) reported 
that P.lilaclnus failed to parasitize root-knot nematode eggs 
in France. 
^ In the present findings, P.lilacinus not only reduced 
the intensity of M.incognita and R.reniformis infections, but 
it also showed antagonistic effect against R.solani (Tables-13 
and 14), Some toxic metabolites and/or enzymes released by 
P.lilacinus might have inhibited the growth of R.solani. 
Paecilomyces lilacinus is reported to produce^p (1-3) 
glucanase (Domsch e_t al. ,1980) and chitinase (Okafor,1967) 
extracellularly which are key enzymes in the lysis of fungal 
cell walls (Mitchell and Allexander,1963). Rhizoctonia solani 
belongs to homobasidiomycetes, the walls of which are mostly 
composed of glucans with only about 5-8% chitin (Bartinickin-
Garcia,1973). It, thereofre, seems that/?(1-3) glucanase is 
more important in the degradation of cell walls of R.solani. 
Aral _et a_l. (1973) isolated leucostatin and lilacin, two water 
soluble peptide antibiotics, from a fungus determined as 
Penicilllum lilacinus (= Paecilomyces lilacinus). Leucostatin 
is active against gram-positive bacteria and mahy fungi. 
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/ Conclusively, I can say that P.lilacinus is a potential 
bio-control agent which has a number of advantages, P.lilacinus 
is typically a soil-borne fungus and seems to be relatively 
common and ubiquitous in the tropics and subtropics (Domsch 
et al.,1980). The capability of this species to degrade 
chitin has been accounted by Okafor (1967) and it is also 
strongly proteolytic (Janke and Holzer,1929; Borout,1960; 
Endreeva _et aJ. ,1972). This feature is of some significance 
because the egg-shell of Meloidogyne incognita has been 
reported to be mostly made up of protein and chitin (Bird 
and Mc Clure,1975). There is sufficient evidence to suggest 
that P.lilacinus, a heavy sporulator, is strong competitor 
capable of successfully establishing itself in a natural soil 
when introduced artificially. P.lilacinus has antagonistic 
activity against bacteria, fungi, and nematodes, a fact 
supporting the view that it may be a strong competitor iri vivo 
also. / 
Poor seedling emergence of untreated seeds when 
inoculated with all three pathogens, was not unexpected 
because the seeds, from the very begining, were exposed to 
severe unhealthy conditions as a result of interaction of 
pathogens (Table-15). Concomitance of M.incognita and 
R.solani was more inhibitory to seedling emergence than the 
combined effect of mother- associations (R.reniformls + R.solani 
and R.reniformls + M.incognita) probably because of more 
successful parasitism of M.incognita than of R.reniformls and 
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more aggressiveness of R.solani. Earlier authors (Shukla and 
Swarup,1970; Khan et al.,1971; Raut,1979; 2akiuddin,1984) have 
also reported decreased seedling emergence of certain plants 
caused by some fungal pathogens in the presence of phytopara-
sitic nematodes. 
Higher phenolic contents of groundnut-cake (Alam et al., 
1979) might have caused phytotoxic effect on cowpea seeds 
resulting in reduced seedling emergence of uninoculated seeds. 
The increased emergence of fungus-filtrate treated uninoculated 
seeds in comparison to untreated-uninoculated ones, may have 
been due to the production of growth promoting substances by 
Paecilomyces lilacinus. Domsch _et al_. (1980) have earlier 
reported that it produces growth promoting substances in the 
culture medium. In my experiment the pesticide treated seeds 
showed improved seedling emergence and plant growth (Tables-15, 
16 and Figs,18-B,C and 19-B,C). This observation is in agree-
ment with those of others (Sivakumar et al_. ,1976; Varaprasad 
and Mathur,1980; Reddy,1984; 2akiuddin,l984; Mishra,1985a„b; 
Paruthi and Gupta,1985). The increased seedling emergence and 
plant growth of aldicarb and Bavistin treated seeds can be 
attributed to their persistent and systemic antinematode and 
antifungal effects respectively, which inhibited penetration 
and development of the pathogens. 
It is believed that oil-cakes release some nematotoxic 
and fungitoxic substances during their degradation in the soil 
(Singh and Pandey,1965; Khan et al. ,1973; Khan, ^  a]^. ,1974). 
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Oil-cake treated seeds, when sown in pots, would have released 
some such substances which resulted in the reduced multiplica-
tion of both nematode species and inhibited fungus infection. 
Alternatively, the radicles of emerging seedlings might have 
absorbed some of these degradation products resulting in the 
possible increase in the phenolic contents of infected roots 
(Deshmukh and Prasad,1969; Pillai £t a]^. ,1974; Khan et al., 
1976; Hasan,1977) thereby imparting tolerance or some degree 
of resistance against nematode and/or fungal attack. Compara-
tively poor performance of groundnut-cake as against neem-cake 
for improving plant growth and reducing nematode population in 
the present studies (Table-16 and Figs.18-D,E and 19-D,E), could 
be due to small quantity of groundnut cake used for seed 
treatment or possibly because of its active principles being 
diluted due to frequent watering. It has been reported by 
Khan (1981) that neem-cake requires more water for better 
effectiveness than groundnut-cake. In my studies the watering 
of pots might have been optimum for the neem-cake activity 
but more than the maximum required for groundnut-cake which 
probably resulted in the dilution of its active principles. 
Effectiveness of oil-cake treatments of seeds of certain 
other crops for the control of mono and multipathogenic 
infections has been reported earlier also (Singh,1981; 
2akiuddin,1984). Ineffectiveness of neem-leaf seed treatment 
for the control of nematode and fungus infections (Table-16 
and Figs,18-F,19-F) might have been due to inadequate quantity 
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of the treatment material used for seed treatment. Since 
P.lilacinus is reported to produce certain toxic substances 
in culture medium (Domsch £t al^ . ,1980) and that I also noticed 
its toxic effect on test pathogens (TableST21,22,23,24 and 25) 
the fungus filtrate treated seeds, therefore, attained improved 
seedling emergence and plant growth due to its toxic effect 
against the inoculated pathogens (Table-16 and Figs.18-G,19-G). 
Adverse effect of nematode and/or fungus infections on 
nodulation and/or Nitrogen fixation of leguminous plants has 
been reported by several workers (Taha and Raski,1969; Sharma 
and Sethi,1976; Orellana _et a]^., 1976; Westcott and Barker,1976; 
Bopaiah et. a]^. ,1976; Ali et a]^. ,1981; Varshney,1982; Mani, 
1983; Germani e_t a]^. ,1984; Sharma, 1984). 
Reduction in.Nitrogen content of root and leaves of 
cowpea plants in my experiment (Table-17) might have been due 
to one or more of the following reasons: 
(1) Nematode or fungus infection might have interfered with 
the rhizobial multiplication and/or transformation into 
bacteroids. 
(2) In the process of symbiotic Nitrogen fixation certain 
amount of energy in the form of adenosine triphosphate (ATP) 
is required to reduce the triple bond of Nitrogen molecule. 
This energy is released as.a result of oxidation of photo-
sjnthate derived metabolites in the bacteroids (Brill,1977). 
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Since, infection of plants with nematode or fungus is known 
to reduce the photosynthetic activity, it is possible that 
the availability of less photosynthates might have adversely 
affected Nitrogen fixation. 
(3) Leghaemoglobin helps in the diffusion and proper regula-
tion of Op concentrations required for the respiration of 
nitrogenase containing Rhizobium bacteroids in the nodules 
(Cutting and Schulman,1969; Burns and Hardy,1975). Conside-
rable reductions in the leghaemoglobin contents in the nodular 
tissue of nematode and fungus infected plants, as observed 
in my other experiment (Table-19), might have caused an 
imbalance in the oxygen supply, thereby adversely affecting 
the nitrogenase activity in the bacteroids. 
(4) Nodules require healthy cortical tissue for their proper 
development. They fail to develop or develop poorly on the 
roots of plants infected with these pathogens. This might 
have imposed Nitrogen deficiency on the plants, 
(5) Utilization of free amino-acids, present in the infected 
tissues, by the pathogens may be another reason of reduced 
Nitrogen contents (Hegde and Munjal,1971). 
Nematode and fungus infections generally cause signi-
ficant decrease in the Phosphorus and Potassium contents of 
roots and leaves. Inoculations with M.incognita alone and 
with M,incognita and R.reniformis, on the otherhand, resulted 
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in the accumulation of Phosphorus and Potassium in the roots 
of infected plants but there was decrease in the contents of 
these elements in the leaves (Table-17). The accumulation 
of Phosphorus and Potassium in the infected roots may be 
attributed to the (i) impaired translocation to the foliage 
due to mechanical blockage or modification of the vascular 
system, (ii) changes in the metabolic activity that would 
have mobilized Phosphorus and Potassium to the infection 
site and/or (iii) increased permeability of infected roots 
(Bergeson,1965). 
Reduction NPK contents of infected plants was probably 
the result of disturbed plant physiology as a result of inter-
acting pathogens. High rate of carbohydrate metabolism due 
to increased respiratory activity of infected tissues might 
also explain the reduced Phosphorus and Potassium contents 
(Shaw and Colotelo,195l; Mc Combs and Winstead,1964), 
There are also reports that root-knot nematode 
infested plants suffer from deficiency of Nitrogen, Phosphorus 
and Potassium as a result of their accumulation in the roots 
(Feldman _et a]^. ,1961; Shafiee and Jenkins, 1962; Maung and 
Jenkins, 1959; Haque _et al.,1974) or due to poor absorption 
of these elements by the roots of infected plants (Magistard 
and 01iveira,1934; Tarjan,1950; Hunter,1958; Dasgupta and 
Deb,1969). On the other hand, there are some contradictory 
findings which showed that nematode and/or fungus infection 
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increased the Phosphorus, Potassium and/or Nitrogen content 
in the plants (Nasr et al.,1980; Ibrahim et al.,1982; 
Saxena,198A). 
I observed greater accumulation of proline in the 
leaf and root tissues of plants that were simultaneously 
inoculated with R.reniformis, M.incognita and R.solani or in 
plants inoculated with a combination of any of these pathogens, 
rather than in plants inoculated with any one of them indivi-
dually (Table-18). Greater accumulation of proline in response 
to nematode and/or fungus infection of plants has been reported 
by several workers (Owens and Specht,1966; Howell and Krusberg, 
1966; Mc Combs and Winstead,1964; Singh et al.. ,1978 and 
Sharma _et a]^. ,1980. 
Greater accumulation of proline in the infected plants 
may be due to one or more of the following reasons that: 
(1) Proline accumulation in diseased plant might be related 
to pathological disorder. 
(2) Proline is a readily available storage compound in 
moisture diffident tissues and may accumulate due to hydro-
lysis of plant proteins by enzymes secreted by nematode and/ 
or fungus. 
(3) High metabolic activity of giant cells and root galls 
probably exerts a demand on the proline synthesized in the 
leaves and basipetally translocated to the site of nematode 
activity (Meon et a]^. ,1978). 
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(4) Proline is a known precursor of hydroxyproline, an 
important constituent of the cell wall protein, called 
extensin (Lamport,1970). Enzyme inhibition in the pathway of 
extensin synthesis or a change in the rate of cell wall 
formation due to nematode and/or fungus infection, might lead 
to prolin3 accumulation. 
Proline is a neutral compound with a greater solubi-
lity (162% at 25°C) than other amino acids. Its accumulation, 
therefore, helps in^increasing the amount of osmotically 
bounded water, which in turn enables the plant to conserve 
water over the stress of drought during parasitism (Wallace, 
1973). 
Percentage increase of proline accumulation in the 
infected plants was higher in roots than in leaves probably 
because of increased downward translocation of proline to 
the infection site, increased rate of synthesis in situ, 
decreased rate of translocation out of the infected roots 
and/or decreased rate of breakdown (Howell and Krusberg,1966), 
Krusberg (1971) observed that surface sterilized 
nematodes viz, Ditylenchus triformis, Meloidogyne incognita 
and Caenorhabditis briggasae discharged proline into solution 
at 20-30*'C. This observation gives the clue that the nematodes 
might have also contributed towards the accumulation of 
proline in the infected plant tissues. Hrushovetz (195A) 
suggested that presence of mycelium of Helmlnthosporlum 
sativum on or inside the root tissues of wheat must have 
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disturbed the protein metabolism in the wheat seedlings in 
some way or the other so that there was an increase in proline 
concentration. Mc Combs and Winstead (1964), on the other 
hand, reported that Pythiurft aphanidermatum stimulated proline 
synthesis by conversion of ornithin to proline in case of 
infected cucumber fruits. They also indicated the possibility 
of proline synthesis by the fungus also. 
Concomitant inoculation of pathogens caused more 
reduction in the leghaemoglobin concentration than caused by 
monopathogenic inoculation (Table-19). Adverse effect of 
nematode or fungus infection on leghaemoglobin concentration 
was also reported by Orellana and Worley'(1976), Sharma and 
Sethi (1975), Bopaiah et al.(1976b), Huang and Barker (1983) 
and Chahal and Singh (1984), This impairment in the leghae-
moglobin concentration as a result of pathogenic infection 
may either be due to suppression of nodulation (Hussey and 
Barker,1974; Hussaini and Seshadri,1975; Sharma and Sethi, 
1976; Ali ejt al.,1981; Green,1984 and Varshney,1982) premature 
decay of nodules (Hussey and Barker,1974; Taha and Raski, 
1969; Orellana and Fan,1978), decreased photosynthetic acti-
vity in the diseased plants (Varaprasad and Seshadri,1983; 
Hussey,1985; Sempio,1959) or interference with the develop-
ment of bacteroids (Orellana et al. ,1978; Ali et al^ . ,1981; 
Hussey and Barker,1974). 
However, the basis of a possible decrease in the 
leghaemoglobin concentration of the nodules of infected 
plants needs further investigations. 
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It was clear from the results presented in Table-20 
that water absorption capability of the cowpea roots was 
adversely affected by the individual as well as combined 
inoculations of R.reniformis, M.incognita and R.solani. 
Rhizoctonia solani and M.incognita are endoparasites, known 
to damage, deform, disrupt and choke the conducting tissues 
of roots (Polychronopoulos _et ajL. ,1969; Jones,1981) while 
R.reniformis a semi-endoparasite causes aberration in the 
internal tissues (Jones,1981). The infection of these 
pathogens inhibited root growth and thus reduced total surface 
area of roots resulting in the poor absorption of water by 
the infected roots. Alternatively, the reduction in shoot 
weight (or leaf surface area) due to nematode and/or fungus 
infection might have resulted in reduced transpiration pull 
which in turn retarded the water absorption capacity. 
Quite expectedly, the simultaneous inoculation of 
these pathogens in different combinations showed more pronou-
ced inhibitory effect on water absorption capacity because 
of greater damage caused to the shoot and root system by 
their interaction. 
^ *It is clear from my results that the culture filtrates 
of different fungi showed selective nematicidal action. Higher 
concentrations (S and S/2) of the fungal filtrates showed 
marked antinematode effect both on M.incognita and R.reniformis 
but the antinematode effect gradually decreased with the 
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increase in dilution of the filtrate. In some cases the 
diluted filtrate became stimulatory to larval emergence or 
showed nematicidal effect only after prolonged exposure 
(rables-21,22,23 and 24)/ Toxicity of culture filtrates of 
fungi to plant parasitic nematodes is generally attributed to 
the production of certain toxic metabolites by them (Frank 
and De Boer,1959; Mankau,1969a,b; Tripathi,1973 and 1974; 
Reddy ejt al. ,1975; Chhabra,1978; Orellana and Mandava,1983; 
Agarwal and Bisen,1984). Species of Aspergillus, Penlcilllum 
Trichoderma, Fusarium, Rhizopus, Paecilomyces, Cunmlaria, 
and Alternaria are knovvn to produce toxins and antibiotics, 
like aflatoxins, malformine, hadacidine, gliotoxin, viridin, 
penecillin, lycomarasmin, marticin, fusaric acid, fumaric 
acid, rhizopin, leucostatln, lilacin, phytoalternarin and 
tentoxin (Boosalis,1956; Subramanian,1964; Nafe-Roth,1972; 
Aral et_ al^ . ,1973; Das and Pal,1974; Wheeler,1975; Agarwal and 
Bisen,1984; Ghewande _et al_. ,1984). There are some fungi 
which produce appreciable quantities of oxalic acids in the 
culture medium (Higgins,1927; Muller,1960; Franke and de 
Boer,1951; Shukla and Swarup,1971). The oxalic acid at a 
concentration of 0.1% is reported to kill the root-knot 
larvae (Desai £t al,,1972). Thus its presence in the culture 
filtrates of certain fungi may account for the deleterious 
effect of these fungi on nematodes. James (1966) reported 
that in soil where grey sterile fungus (G.S.F.) and Globodera 
rostochiensis were present together, population of the 
nematode remained low. He, further, found that culture 
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filtrate of G.S.F. associated with brovm-rot of tomato inhi-
bited the hatching of G.rostochiensis larvae. Walker e_t al,. 
(1956) obtained similar toxic effect of culture fluids from 
actinomycetes and bacteria on Pratylenchus penetr.ans. Adverse 
effect of the culture filtrate of several fungi on mortality 
and hatching of nematodes has been reported by others also 
(Shukla and Sv/arup,1971; Alam et al. ,1973; Varshney,1982; 
Mani,1983; 'Zakiuddin,1984; Khan et al. ,1984; Singh ejt al., 
1984). Variable effect of fungal filtrates on hatching and 
mortality of root-knot and reniform nematodes observed in the 
present studies can be attributed to the varied nature of 
the toxic metabolites produced by different fungi, 
y> Since fungi and nematodes occur together in the 
rhizosphere the toxic metabolites naturally produced by fungi 
may be responsible for keeping low levels of nematode popula-
tions and thereby maintaining the balance of nature. If, 
somehow, the toxic metabolites, of soil fungi are produced in 
large quantity in the rhizosphore the two sides action 
(direct toxicity and suppression of larval hatching) of these 
metabolites may in future be exploited for nematode control. 
These findings may also throw some light in explaining the 
mechanism involved in the reduction of nematode population due 
to the application of organic amendments which leads to 
o 
significant increase in rhizosphere saprobic microbial popu-
lation (Khan,1969; Singh and Sitaramaiah,1970). 
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y Besides fungal filtrates, Richard's liquid medium 
also exhibited nematoxicity to some extent. It indicates that 
the salt residuces, present in the filtrate of culture medium 
were also partly responsible for the same, 
y, Similarly, greater inhibitory effect of higher con-
centrations of fungal filtrates on the growth of R.solani 
(Table-25) might be due to the production of toxins and 
certain metabolites like phenols and amino acids in the 
culture medium (Reddy and Rao,1975a,b; Singh et al.,1984)o 
Moreover, different fungi produce varieties of chemicals both 
in vijvo and in vitro producing remarkable effects on fungal 
populations (Tveit and Moore,1954; Tveit and Wood,1955; 
Vidhyasekaran e_t al. ,1970; Vanello _et a^. ,1976 and Sinha and 
Prasad,1981). Das and Pal (1968) reported that Rhizopus 
nigricans produces an antibiotic substance identified as a 
coumarin derivative, which is considered as an active anti-
fungal compound. They, later (197A), investigated that 
R.nigricans produces rhizopin, an antibiotic, which is anti-
fungal, antibacterial and antiviral in nature. Tyner (1976), 
on the other hand,found that Cochliobolus satlvus Drechs, 
ex Dast, produced strong phyto and fungitoxins in the culture 
medium which inhibited the growth of other fungi. Variable 
effect of different fungal filtrates on the growth of R.solani 
may be attributed.to the differences in the nature of toxic 
metabolites produced by these fungi, J 
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S U M M A R Y 
Correct identification of nematode species and its 
race, if any, is primary for any meaningful Applied Nemato-
logy research. Races of M.incognita and R.reniformis were, 
therefore, identified before the start of other investiga-
tions. The population of M.incognita was identified as 
race-3 and that of R.reniformis belonged to race-A. 
Next step was to establish the pathogenicity of 
each test pathogen separately and to determine their inoculum 
threshold. The lowest inoculum level of each nematode 
species and the fungus which caused significant economic 
damage was determined to consist of 1000 nematode juveniles 
and 1,0 gm fungus per pot respectively. These inoculum 
levels were, therefore, used in my other investigations. 
The fungus, R.solani, was a more aggressive pathogen than 
either of the nematode species and M,incognita caused more 
damage than R.reniformis, Development of nodules on galls 
and of galls on nodules was also observed, but not quite 
frequently, A significant linear relationship between the 
initial (Pi) and final (Pf) populations of each nematode 
species was observed but the rate of multiplication was 
highest at the lowest and lowest at the highest initial 
inoculum levels. Root galling was, however, directly propor-
tional to inoculum level. 
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Soil is a complex ecosystem harbouring a variety of 
pathogenic organism besides their common host- the plants. 
It, therefore, appears natural that these organisms may 
interact with each other in various ways in order to obtain 
their food and nourishment from plants. When variable 
nematode inoculums were used, greatest reductions in plant 
growth and nodulation were caused by a combination of 750 
juveniles of M,incognita and 250 young females of R.reniformis 
but the opposite was true when the inoculum levels were 
reversed. It was observed that lowest inoculum level of one 
nematode species did not significantly affect the multiplica-
tion rate of the other with highest inoculum but the species 
with highest inoculum significantly suppressed the multiplica-
tion of tne species with lowest inoculum. Equal inoculums of 
each species, on the other hand, were mutually antagonistic but 
with more pronounced effect of R.reniformis i.e. M.incognita 
was more competitive. 
In nematode fungal interactions the greatest damage 
was caused by lowest nematode plus highest fungal inoculumso. 
Plant growth reductions were lowest when inoculum levels were 
reversed. Increasing inoculum levels of R.solani were 
increasingly antagonistic to the multiplication of each 
nematode species. 
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Studies on the effect of various combinations of 
test pathogens showed that nema-tode-fungus interactions 
(either M.incognita + R.solani or R.reniformis + R.solani) 
were more damaging than the nematode-nematode interaction 
(M.incognita + R.reniformis). However, the association of 
R.solani with M.incognita caused distinctly greater plant 
growth reduction than its association with R.reniformis. 
It was interesting to note that in the absence of Rhizobium 
all interactions,whether involving two or all three pathogens, 
were negative but in the presence of Rhizobium they tended 
to be positive except when all three pathogens were inoculated. 
Irrespective of the pathogen inoculated, the unbac-
terized plants suffered greater damage than the bacterized 
ones. Inoculation of Rhizobium 15 days prior to any of the 
test pathogen, either singly or in various combinations, 
resulted in significantly reduced plant growth, poor nematode 
multiplication, low root-knot index and improved nodulation 
as compared with its inoculation 15 days after the test 
pathogen/pathogens, 
In sequen-^ ial inoculations the interactions were 
time dependent i.e. the prior establishment of one nematode 
species was invariably antagonistic to the multiplication 
of other subsequently inoculated species. Rhlzoctonia 
solani, whether inoculated simultaneously or sequentially, 
reduced the rate of multiplication of both nematode species 
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as compared to their rate of multiplication, when present 
alone. The presence of test-pathogens, whether individually 
or concomitantly, not only suppressed nodulation but also 
reduced the size of nodules. 
Studies on nematode penetration revealed that the 
rate of penetration of both nematode species was lowest 
when all three pathogens were present together. In combined 
inoculations of nematodes, the penetration of each nematode 
species was adversely affected as compared to their pene-
tration, when present singly. However, in each combination, 
the average penetration of M.incognita juveniles was higher 
than that of R.reniformis. Presence of R.solani was also 
inhibitory to nematode penetration. 
Since there are reports on the variation of varietal 
resistance against different races of the same nematode 
species it was considered desirable to make screening of 
20 cowpea varieties against the races of M.incognita and 
R.reniformis identified in the beginning of these studies. 
Varieties RC-8 and EC-4213A which showed moderate resistance 
against R.reniformis were resistant to R.solani, Two more 
varieties (CO-4 and IC-244) were also resistant to R.solani 
but the rest were highly susceptible to it. The varieties 
S-488 and IC-I, on the other hand, were respectively 
resistant and susg,eptible to R.reniformis, the rest being 
highly susceptible to it. Out of 20 varieties, 16 were 
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highly susceptible, 3 susceptible (CO-4, FGR-^50 and 
EC-55171) and one (IC-503) moderately resistant against 
M.incognita. 
In order to locate multipathogenic resistance, these 
varieties were further evaluated against different combina-
tions of the test pathogens. No variety was found to possess 
resistance against all three of them. Moreover, a variety 
which was found resistant or moderately^ ' resistant against 
an individual pathogen lost its resistance in the presence 
of the other pathogen except the var. IC-503 (moderately 
resistant to M.incognita). Thus the var, S-488 (resistant 
to R.reniformis) did not remain resistant in the presence 
of M,incognita though it did not lose its resistance 
against R.reniformis in the presence of R.solani. Similarly, 
the resistance of var, CO-4 to R.solani broke down in the 
presence of M.incognita but not in the presence of 
R.reniformis, Both, R.reniformis and M.incognita, when 
present in association with R.solani, broke the resistance 
of var. IC-2AA against R.solani, The moderately resistant 
response of vars, RC-8 and EC-4213A to R.reniformis and 
their complete resistance against R.solani broke down when 
simultaneously inoculated with either R.reniformis + 
M.incognita or M.incognita + R.solani or R.reniformis + 
R.solani, 
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Since chemical control is expensive and hazardous, 
search for biological control materials is increasing. For 
the developing countries this approach is more desirable. 
Efficacy of P.lilacinus has been established for the control 
of root-knot and potato cyst nematode infections, I have 
evaluated its efficacy under Indian conditions, for the 
control of monopathogenic (M.incognita, R.reniformis and 
R.solani), infections and the disease complex caused by 
them. Application of P,lilacinus at the rate of 2,0 g 
mycelium/pot was significantly beneficial for reducing plant 
damage caused by either of these pathogens singly or 
combinedly. It also reduced nematode multiplication and 
root galling. It's efficacy was, however, more pronounced 
against monopathogenic than against multipathogenic infections, 
Studies on the effect of test pathogens on seedling 
emergence of cowpea revealed that all pathogens, both singly 
and concomitantly, hampered seedling emergence quite signi-
ficantly but a combination of M.incognita and R.solani was 
more inhibitory than the other combinations, 
Pre-sowing seed treatments with aldicarb, Bavistin, 
neem and groundnut cakes, P.lilacinus filtrate and neem-leaf 
paste were evaluated for their antinematode effect. There 
was significant improvement in the seedling emergence from 
the nematode/fungus inoculated seeds treated with aldicarb, 
Bavistin, neem-cake and P.lilacinus filtrate. Seed treatment 
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with neem leaf paste'''was effective only against nematodes. 
There was no significant beneficial effect of groundnut-cake 
seed treatment except when inoculated with M.incognita and 
R.solani, Bavistin treatment gave better emergence of seeds 
inoculated with either R.solani alone or in combination with 
either nematode species. Similarly, aldicarb treatment was 
more effective against nematode inoculations. 
Seed treatment with groundnut-cake had no significant 
beneficial effect on plant growth and nodulation when inocula-
ted with either of the nematode species or all three pathogens 
together but had significant effect wheninoculated with 
R.solani alone. Paecilomyces lilacinus filtrate treatment 
provide effective against inoculations with R.reniformis and 
R.solani but neem leaf treatment had no significant curative 
effect on plants against any pathogen, Aldicarb, Bavistin 
and neem-cake treatments exhibited significant curative effect 
on plant growth and nodulation and inhibited nematode multi-
plication. 
Pathogenic infections cause significant disturbances 
in the nutrienx status of the host plant, particularly with 
regard to the NPK contents. In my studies I found significant 
decreases in the NPK contents of leaf and root tissues of 
the plants inoculated with either pathogen singly (except 
M.incognita) or in combination (except in combination of 
M.incognita and R.reniformis). There was, on the other 
hand, increased accumulation of P and K in the roots of 
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plants inoculated with either M«incognita alone or in combi-
nation with R.reniformis. Individually, R.solanl caused greater 
reductions than caused by the other two pathogens singly. 
However, P content of leaf was not significantly reduced in 
plants inoculated with R.reniformis. 
Proline, a constituent of biological proteins synthesized 
from glutamic acid, normally forms a minor constituent of the 
amino-acid pool in many plants. It is known to accumulate in 
plants under conditions of stress. It is a natural compound 
with a greater solubility (152% at 25°C) than other amino acids. 
Its accumulation, therefore, helps in increasing the amount of 
osmotically bounded water, which in turn enables the plant to 
conserve water over the stress of drought during parasitism. 
Estimation of proline was,.therefore, made from infected plants. 
All three patho.gens, when present together, resulted in the 
greatest increase of proline content but individually, 
R.solani caused greater increases than caused by M.incognita 
or R.reniformis. 
Leghaemoglobin, a protein synthesized exclusively 
in bacterial nodules, has an active role in nitrogen fixation. 
Little is known about the effect of pathogens on leghaemo-
globin synthesis and accumulation. The present studies 
revealed that leghaemoglobin content was significantly 
reduced as a result of nematode and/or fungus infection, 
maximum reduction being in the presence of all three pathogens 
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followed by that in the presence of R.solani, M.incognita 
and R.reniformis in a descending order. Water absorbing 
capacity of roots was also significantly hampered by 
pathogenic infections on the same pattern as reduction in 
the haemoglobin content is caused by different pathogens 
singly or in combination. 
Since nematodes and fungi are the common inhabitants 
of soil, their secretions and excretions might naturally 
affect each other in various ways, Studies on the effect 
of culture filtrates of ten different fungi were, therefore, 
carried out. It was found that all of them had a nematicidal 
effect of varying degree on both nematode species. The 
percentage mortality in each case was correlated with the 
concentration of filtrate and exposure period. Paecilomyces 
lilacinus filtrate was most nematicidal and that of 
Rhizopus nigricans, the least. Larval emergence of both 
nematode species was also adversely affected by the different 
dilutions of fungal filtrates. Complete suppression of 
larval emergence of both, R.reniformis and M.incognita, was 
observed in the 'S' concentration of Alternaria tenuis, 
Trichoderma viride, Curvularia lunata and P.lilacinus. Even 
"S/2" concentration of T.viride caused complete suppression 
of larval emergence in M.incognita. Rhizopus nigricans 
filtrate of lowest concentration (S/100), on the other hand, 
stimulated hatching. As regards the effect of fungal 
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filtrates on the growth of R.solani, it was found that all 
filtrates, except that of R.solanl itself, had significant 
inhibitory effect. This effect was also correlated with 
the filtrate concentration. Filtrate of T.viride (.'S' con-
centration) was most inhibitory and that of P.lilacinus, 
at S/100 concentrations, was stimulatory. 
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APPENDlX-m : Effect of aifferent Inoculum levels each of R.reniformls, M.Incognita and R.solan! 
on plant growth and nematode multiplication. 
Treatments 
(Inoculum 
levels) 
Length "cm" Fresh weight"g" 
S h o o t R o o t T o t a l Shoot Root Total weight 
Plant's Percen 
dry tage 
reduc 
tion 
over 
control 
Root- Number Percentage 
pj. knot of stimulation 
R = ^  index nodules (+) or 
/root reduction 
system (-) over 
control 
PT 
Control 
R.reniformls 
10 
100 
1000 
10,000 
82.8 16.5 99.3 2 3 . ^ 7.2 30,5 
84.9 
84.2 
69.3 
65.9 
L .3 .D . (a t 556 l e v e l ) 
L.3.D. ( a t ^% l e v e l ) 
15.9 100.8 
15.6 99.8 
13.2 82.5 
12.4 78.3 
3.649 
5.599 
24.2 
24.1 
20.0 
19.1 
7.1 31.3 
6.9 31.0 
6.0 26.0 
5.5 24.6 
2.928 
4.261 
9.60 
9.76 0.41 
9.A5 3.57 
7.71 21.33 
6.84 30.20 
0.680 
0.989 
56.00 
38.34 
12.89 
1.61 
75 
81 
78 
55 
45 
6.339 
9.223 
+ 8.00 
+ 4.00 
-26.67 
-40.00 
M. inco°;nlta 
10 80.0 
100 73.9 
1000 57o4 
10,000 49,4 
L .S .D, (a t 5% l e v e l ) 
L .S .D.(a t :% l e v e l ) 
R.solani 
0.25 g 
0.50 g 
1.00 g 
2.00 g 
75.5 
70.5 
50,5 
45.7 
L .S .D . (a t 5% l e v e l ) 
L .S .D . (a t 1% l e v e l ) 
15,4 95.4 
13.9 67.8 
11.0 68.4 
9.3 58.7 
8.779 
12.772 
14.6 90.1 
13.3 83.8 
9.5 60.0 
8.4 54.1 
10.810 
15.728 
22.1 
20.5 
17.1 
14.3 
20.2 
18.1 
13.4 
10.6 
6.9 29.0 9.13 6,84 103.00 0,44 77 + 2.67 
6.1 26,6 8,32 15.10 54.23 1.04 67 -10.67 
5.1 22.2 6.78 30.82 18.86 3,20 45 -40.00 
4 .3 18.6 5.56 43.26 2.30 4.40 35 -53 .33 
4.480 1.079 0.668 8.350 
6.519 1.573 1.012 12.148 
6,T 26,3 
5.4 23,5 
4,3 17.7 
3.2 13.8 
8,21 16,22 
7,40 24.49 
5.66 42.24 
4.32 55.92 
5.740 2.050 
8.350 2.982' 
66 
62 
40 
32 
9.840 
^.316 
-12.00 
-17.33 
-46.67 
-57.33 
APPEXniX- IV : 
Treatments 
Control 
250 Hr* 
500 Rr 
750 Rr 
250 Ki» 
500 Mi 
750 Mi 
0.25 Rs* 
0.50 Rs 
0.75 Rs 
750Mi+250Rr 
500Mi+500Rr 
250Mi+75ORr 
750Rr+0.25Rs 
500Rr+0.50Rs 
250ar+0.75Rs 
750Mi+0.25Rs 
500Mi+0.50Rs 
250Mi+0.75Rs 
EiTect of 
R.solani 
• i n t e r a c t i o n s of di 
on l an t growth and 
Length "cm" 
Shoot Root 
105.'* 18.4 
102.8 17.1 
100.6 16.7 
92.4 15.5 
91.B 15.8 
87.0 15.1 
83.8 13.9 
101.7 16.1 
87.1 14.6 
75,2 12.6 
77.3 12.7 
80.6 13.5 
84.9 14.2 
77.3 12.9 
74.1 12.2 
68.8 11.5 
73.3 12.2 
64.7 10.8 
60.4 9.8 
L.S .D.(a t 5% l e v e l ) 
L .3 .D. (a t 1% 1^  evel) 
Total 
123.8 
119.9 
117.3 
107.9 
107.6 
102.1 
97.7 
117.8 
101.7 
87.8 
90.0 
94.1 
99.1 
90.2 
86.3 
60.3 
85.5 
75.5 
70.2 
9.139 
12.263 
»Rr = Rotvlenchu] 
*Mi = Meloidoffvne 
*Rs = Rhlzoctonic 
Fresh wei£ 
Shoot Root 
1 
25.6 
25.3 
24.8 
22.7 
21.6 
21.3 
19.6 
23.8 
20.5 
18.7 
19.2 
20.3 
20.7 
18.7 
18.3 
15.7 
16.7 
15.5 
14.1 
13.4 
12.7 
12.4 
11.2 
11.6 
10.9 
10.5 
12.2 
10.2 
9 . 3 
9 . 7 
10.1 
10.9 
9 . 3 
9 . 0 
7 . 8 
8 .2 
7 . 5 
6 .9 
fferent 
. nematc 
;ht"g" 
Total 
39.0 
38.0 
37.2 
33.9 
33.2 
32.2 
30.1 
36.0 
30.7 
28.0 
28.9 
30.4 
31.6 
28.0 
27.3 
23.5 
24.9 
23.0 
21.0 
4.350 
S.SS'? 
-US reniformis 
; incognita 
I so lani 
; inoculum l e v e l s of R.reniformi; 
ide m u l t i p l i c a t i o n . 
P l a n t ' s 
dry 
weight 
"g" 
14.63 
39.90 
13.39 
12.02 
12.32 
11.68 
10.83 
13.10 
11.15 
9.94 
10.02 
10.78 
11.21 
10.03 
9.57 
8.51 
8.95 
7.62 
7.14 
1.662 
2.231 
Percen 
tage p^ 
reduc R = §y 
t ion 
over (Rr*) 
control 
-
4.99 
8.48 
17.84 
15.79 
20.16 
25.97 
10.45 
23.79 
32,06 
31.51 
26.32 
23.37 
31.44 
34.59 
41.83 
38.82 
47.91 
51.19 
-
12.66 
11.64 
9.72 
-. 
-
-
-
-
-
5.97 
7.94 
9.43 
8.39 
5.52 
0.96 
-
-
-
1.217 
1.677 
R - ^ 
'^  PT 
(Mi*) 
-
-
-
-
18.98 
18.24 
14.16 
-
-
-
14.88 
16.45 
9.44 
-
-
-
12.47 
14.02 
4.29 
1»590 
2.191 
3, M.incognita a 
Root-
knot 
index 
-
-
-
-
1.76 
3.00 
3.44 
-
-
-
3.16 
2.68 
1.00 
-
-
-
2.84 
2,24 
0.52 
0.375 
0.517 
Number 
of 
nodules 
/ r o o t 
system 
104 
101 
92 
83 
90 
85 
72 
97 
74 
68 
67 
72 
75 
62 
58 
53 
57 
49 
45 
8.672 
11.654 
nd 
Percen-
tage 
reduc-
t ion 
over 
control 
-
2.88 
11.55 
20.19 
13.46 
18,26 
30.76 
S,73 
28.84 
34.61 
35.57 
30.76 
27.88 
40,38 
44,23 
49,04 
45.19 
52.88 
56.73 
APPE'-IDIX-V : Effect of inaividual, concomitant and sequential inoculation of Rhlzoblum.R.renifornis ^  
M.incognita and R.solarl on cowpea plant growth and nematode multiplication. 
Treatments 
Length "en" Fresh weight"g" Plant's Percen 
di-/ 
Shoot Root Total Shoot Root Total weight 
"g" 
R - ££ 
^ ' Pi 
tage 
reduc 
tion 
over (Rr 
control 
R - ££ 
^ - Pi 
(Ml) 
Root -
k n o t 
i n d e x 
Number 
of 
n o d u l e s 
/ r o o t 
sys tem 
Dorcen-
t a g e 
r e d u c -
t i o n 
ove r 
c o n t r o l 
U n m o c u l a t e d 
r t e n z e d 1 2 j . 7 2 1 . 5 
( C o n t r o l ) 
' n i n o c u l a t e d 
U a o a c t e n z e d IOi.8 1 6 . 9 
•<r* 7 8 . 2 1 2 . 4 
Rr+Rh* 100 .2 1 5 . 9 
P i * 6A.7 10 .5 
•^"i+Rh 8 5 . 8 1-4.6 
Ps* 5 7 . - 9 . 7 
Rs+Rh 7 7 . 2 13 .9 
Rr+ni 39.1 6 . 0 
Rr+Hi+Rh 6 0 . 2 9 . 9 
r^-r+Rs 29 . ' t 5 . 3 
Rr+Rs+Rh 5 1 . 4 B.6 
f'l+Rs 2 1 . 2 5.2 
Ki+Rs+Rh 3 2 . 3 6 .2 
Rr+Ki+Rs 1 3 . 6 2 .1 
"^r+Ml+Rs+Rh 2 5 . 4 4 .1 
Rh » Rr 110 .9 18 .9 
Rr > Rh 9 0 . 1 1 5 . 7 
Rh ^ Ml 1 0 0 . 8 1 6 . 9 
Ml ^ Rh 7 5 . 2 13 .1 
Rh > Rs 8 9 . 8 1 4 . 9 
Hs > Rh 6 7 . 3 11 .1 
Rr *Rh ~ > Ml 7 9 . 2 1 3 . 3 
^1l+Rh > Rr 6 5 . 7 1 1 . 0 
Rs+Rh > Br 5 6 . 9 1 1 . 4 
Rr+Rh > Rs 5 5 . 2 9 . 3 
Rs+Rh > Ml 5 7 . 8 9 . 6 
\li+Rh > Rs 4 0 . 0 5 .6 
Rn > K i + a r 5 7 . 9 1 3 . 8 
F i+Rr > Rh 4 9 . 0 8 ,S 
Rh >Hi+Rs 5 6 . 6 1 0 . 8 
ru+Rs > Rh 2 3 . 9 3 .9 
Rh >Rr+Rs 6 9 . 7 1 1 . 8 
Rr+Rs > Rh 4 1 . 1 5 . 8 
Rh—> Rr+Mi+Rs 3 1 . 5 4 . 9 
-r+hi+Rs—:> Rh 1 5 , 5 3.1 
L . o . O , ( a t 5% l e v e l ) 
L . „ . D . ( a t 1)i l e v e l ) 
.^  22.9 11.3 34.2 11.47 120 
1 2 0 . 7 
9 0 . 6 
1 1 7 . 1 
7 5 . 2 
1 0 0 . 4 
5 7 . 2 
9 1 . 1 
4 5 . 4 
7 0 . 1 
3 4 . 7 
6 0 . 0 
2 4 . 4 
3 8 . 5 
1 5 . 7 
2 9 . 5 
1 2 9 . 8 
1 0 5 . 8 
1 1 7 . 7 
8 8 . 3 
1 0 4 . 7 
7 8 . 4 
9 2 . 5 
7 6 . 7 
7 8 . 3 
6 4 . 5 
6 7 . 4 
4 6 . 6 
8 9 . 7 
3 7 . 8 
6 9 . 4 
2 7 . 8 
8 1 . 5 
4 7 . 9 
3 6 . 5 
1 8 . 6 
5 . 0 7 7 
8 . 0 4 8 
1 8 . 8 
1 4 . 5 
1 8 . 7 
1 2 . 1 
1 6 . 5 
1 0 . 1 
1 3 . 9 
7 . 5 
1 2 . 1 
5 . 6 
9 . 2 
4 . 2 
6 . 5 
2 . 5 
5 . 1 
2 0 . 8 
1 6 . 7 
1 8 . 2 
1 4 . 1 
1 6 . 2 
1 2 . 5 
1 4 . 2 
1 2 . 4 
1 3 . 4 
9 . 7 
1 0 . 7 
7 . 2 
1 5 . 2 
8 . 6 
1 0 . 3 
4 . 5 
1 3 . 5 
7 . 3 
5 . 4 
3 . 6 
9 . 0 2 7 . 8 
5 . 7 2 1 . 2 
9 . 0 2 7 . 7 
5 . 5 1 7 . 6 
7 . 8 2 4 . 3 
5 . 0 ^ 1 5 . 1 
7 , 1 2 1 . 0 
3 . 3 1 0 . 8 
5 . 4 1 7 . 5 
2 . 5 9 , 1 
4 . 2 1 3 . 4 
1.8 6 . 0 
2 . 9 9 . 4 
1 .4 4 . 0 
2 , 3 7 , 4 
9 . 9 3 0 . 7 
7 . 9 2 4 . 6 
9 , 3 2 7 , 5 
6 . 7 2 0 . 8 
8 . 1 2 4 . 3 
5 . 7 1 8 . 2 
6 . 8 2 1 . 0 
6 . 2 1 8 , 6 
5 . 5 1 9 . 9 
4 . 6 1 4 , 3 
5 . 1 1 5 . 8 
3 . 4 1 0 . 6 
6 . 9 2 2 . 1 
4 . 4 1 3 . 0 
5 . 4 1 5 . 7 
2 . 3 6 . 8 
6 . 3 1 9 . 8 
3 .4 1 0 , 7 
3 .0 8 . 4 
1 .5 5 , 2 
2 . 4 3 8 
3 . 2 2 9 
9 . 0 1 
6 . 6 5 
9 . 0 5 
5 . 5 2 
7 . 8 3 
4 . 7 9 
7 . 0 4 
3 .25 
5 . 3 2 
2 . 4 4 
4 . 6 0 
1 .83 
2 . 9 5 
1 .08 
2 . 2 0 
1 0 . 1 2 
8 , 2 9 
8 . 8 5 
7 . 0 
7 . 8 4 
6 . 1 3 
7 . 0 9 
5 . 8 0 
6 . 3 7 
5 . 0 6 
5 . 2 0 
3 . 3 6 
7 . 4 3 
4 . 4 5 
5 . 3 0 
? . 1 0 
6 , 5 1 
3 . 8 2 
3 . 0 4 
1 .55 
0 . 5 7 3 
0 . 7 5 8 
2 1 . 4 5 
4 1 . 9 3 
2 1 . 0 9 
5 1 . 0 0 
3 1 . 7 0 
5 8 . 2 4 
3 8 . 5 2 
7 1 . 6 5 
5 3 . 6 2 
7 8 . 7 3 
5 9 . 8 9 
8 4 . 0 4 
7 4 . 2 8 
9 0 . 5 8 
8 0 . 8 2 
1 1 . 7 7 
2 7 . 7 2 
2 2 . 8 4 
3 8 . 9 7 
3 1 . 6 5 
4 6 . 5 5 
3 8 . 1 8 
4 9 . 4 3 
4 4 . 4 5 
5 5 . 8 8 
5 4 . 5 
7 0 . 7 0 
3 6 . 0 1 
6 1 . 2 0 
5 3 . 7 9 
8 1 . 5 9 
4 3 . 2 4 
5 6 . 7 0 
7 3 . 4 9 
8 6 . 4 8 
-
1 1 . 3 7 
9 . 0 0 
-
-
-
-
8 . 3 5 
6 . 7 2 
7 . 2 3 
5 . 9 2 
-
-
5 . 4 6 
4 . 7 3 
5 . 0 8 
9 . 9 5 
-
-
-
-
7 . 7 2 
4 . 0 0 
3 . 5 9 
6 . 6 8 
-
-
3 . 9 5 
7 . 7 7 
-
-
2 . 7 9 
6 . 6 2 
2 , 8 1 
4 . 8 4 
0 . 7 9 0 
1 .059 
-
-
-
1 7 , 0 9 
1 3 , 7 7 
-
-
1 4 . 5 2 
1 1 . 9 7 
-
-
1 1 . 6 2 
1 0 . 2 6 
9 . 7 0 
8 . 1 8 
-
-
1 1 . 2 6 
1 5 , 2 2 
-
-
8 , 3 6 
1 4 . 1 8 
-
-
7 . 1 0 
1 1 , 4 0 
6 , 8 3 
1 3 . 2 2 
5 . 0 2 
1 1 . 9 0 
-
-
5 . 1 1 
8 . 9 7 
1 .263 
1 .694 
-
-
-
4 . 0 0 
3 . 5 6 
-
-
3 . 8 4 
3 . 0 0 
-
-
3 . 0 0 
3 . 0 5 
2 . 0 0 
1 .93 
-
-
2 . 8 8 
3 . 8 6 
-
-
1 .78 
3 . 7 2 
-
-
1.53 
3 . 3 4 
1 .74 
3 . 4 0 
0 . 8 6 
3 . 2 8 
-
-
0 . 7 5 
2 . 2 3 
0 , 2 9 3 
0 . 3 9 0 
13 
00 
96 
00 
78 
00 
71 
00 
52 
00 
43 
00 
27 
00 
20 
111 
83 
103 
69 
93 
52 
69 
57 
55 
50 
55 
38 
80 
47 
59 
19 
66 
27 
24 
7 
5 . 5 8 5 
8 . 8 6 6 
e ^ . i b 
1 0 0 . 0 0 
2Q.0C 
1 0 0 . 0 0 
3 5 . 0 0 
1 0 0 . 0 0 
4 ^ . 1 6 
1 0 0 . 0 0 
5 b . 6 5 
1 0 0 . 0 0 
6 4 . 1 6 
1 0 0 . 0 0 
7 7 . 5 0 
100.OC 
B 3 . 3 0 
7 . 5 0 
3 0 . 8 3 
1 4 . 1 6 
4 2 . 5 0 
2 2 . 5 0 
1 8 . J 3 
4 2 . 5 0 
5 2 . 5 0 
4 3 . 8 3 
5 8 . 3 3 
5 4 . 1 6 
5 8 . 3 3 
3 3 . 3 3 
0O.83 
5 0 . 8 3 
8 4 . 1 6 
45.OC 
7 7 . 5 0 
8 0 . 0 0 
9 4 . I t 
— > iniicates the sequence of rhizobia/nenatode/fungus 15 days prior. 
+ - simultaneous inoculation 
*ftf = Rotylenchulus reniformis 
*Rh = Rhlzobium 
*Mi = Meloidogvne mcoamta 
*Rs = Rhizoctcnia solani 
APPENDIX-VI : Response of twenty cowpea varieties against R.renifomiis. 
Var ie t i e s Treatments 
Length "cm" Fresh weight "g" 
Shoot Root Total Shoot Root Total 
P l a n t ' s 
dry 
weight 
Percen 
tage 
reduc R 
t i o n 
over 
control 
Pf 
^ P T 
Number Percer-
of tage 
nodules reduc t ; 
/ r o o t over 
system control 
Pusa Dophasli Control 40,6 
Pusa Dophasli Inoculated 27.0 
L .S .D. (a t 5% l e v e l ) 
L ,S ,D. (a t ^% l e v e l ) 
Russian g iant Control 73,2 
Russian g iant Inoculated 46,2 
L ,S ,D, (a t 5% l e v e l ) 
L .S .D. (a t 1% l e v e l ) 
FGR-450 Control 34.6 
FGR-450 Inoculated 25.2 
L .S .D. (a t 5% l e v e l ) 
L .S .D. (a t 1% l e v e l ) 
CO-4 Control 47,5 
CO-4 Inoculated 36,3 
L.S .D.(a t 5% l e v e l ) 
L .S ,D. (a t 1% l e v e l ) 
S-488 Control 27,6 
S-488 Inoculated 27.1 
L .S .D . (a t 5% l e v e l ) 
L .S .D , ( a t IXlevel) 
RC-2 Control 65.3 
RC-2 Inoculated 45,3 
L .S .D. (a t 3% l e v e l ) 
L .S .D . (a t 1% l e v e l ) 
RC-8 Control 30.8 
RC-8 Inoculated 29,1 
L .S .D. (a t 5% l e v e l ) 
L .S .D. (a t 1% l e v e l ) 
RC-48 Control 38.6 
RC-48 Inoculated 28,4 
L.S .D.(a t 5% l e v e l ) 
L .S .D. (a t 1% l e v e l ) 
EC-4213A Control 57.2 
EC-4213A Inoculated 55.2 
L .S .D. (a t 5% l e v e l ) 
L .S .D, (a t 1% l e v e l ) 
EC-4874 Control 76.5 
EC-4874 ^ Inoculated 52.1 
L .S .D. (a t 3% l eve l} 
L .S .D. (a t 1% l e v e l ) 
13.3 56.9 18.0 7.6 25,6 8.24 _ _ 70 _ 
10.2 37.2 11.3 4.5 15.8 4.96 39.80 15.51 51 50.00 
5.309 3.667 1.299 7.091 
12,247 8,456 2.997 16.356 
18.6 91.8 24.6 8.9 33.5 11.23 - - 73 -
10.9 57.1 15.1 5.0 20.1 6,48 42,29 17.56 41 /i7.43 
6.773 2.332 1.209 5.594 
15.621 5,379 2,789 12.902 
14.3 48,9 17.6 5,6 23,2 7,10 _ _ 52 -
9.8 35,0 12.3 3.7 16.0 4.73 33.38 9.70 39 25.00 
5.482 3.364 0.675 4.836 
12.644 7.761 1.55B 11.156 
16.3 63.8 22.5 8,3 30,8 10,73 - _ 81 -
12.0 48.3 16.8 5.7 22,5 7,61 29,07 12.80 61 24.69 
A.466 2.478 0.959 6.141 
10.302 5.717 2.213 14.163 
10.3 37.9 14.3 4.4 18.7 5.29 - - 66 -
9.9 37.0 14.1 4,2 I8 .3 5.11 3.40 0.93 65 1,51 
^.862 1.730 0,662 5,090 
11.215 3,989 1,528 11.741 
15.3 80.6 19.4 6.4 25,8 9.06 _ _ 57 _ 
10.1 55.4 13.0 4,1 17,1 5,77 36,31 16.14 34 40.35 
5,194 2.057 1,011 7.427 
11.979 4.744 2.332 17,130 
9,3 40.1 16.5 5.2 21,7 6,84 - _ 61 -
8,5 37,6 15,2 4 ,6 19,8 6,18 ,9,65 2.43 57 6.55 
3.9^1 1.136 0.701 6.373 
9.901 2,620 1.618 14.699 
13.8 52,4 20.6 5.9 26,5 9.49 - - 45 -
9.5 37.9 14.6 3,9 18,5 6,34 33.19 13.23 32 28.89 
^•010 1.587 0.796 5,770 
9.250 3,662 1,836 13.309 
U . 5 71.7 14.7 8.4 23.1 6.56 - ' - 87 
13.5 68.5 13.6 7.6 21.2 6.04 7.93 1.98 83 4.59 
^'593 1,816 0.581 4.339 
8.287 4.188 1,340 10,123 
17.2 93.7 26.4 9.4 35.8 9.36 _ . 38 -
11.1 63.2 17.2 5.8 23.0 5.84 37.60 14.41 26 31.56 
5«^35 3.029 1.364 4,669 
^2-535 6.987 3.146 10,769 
Contd., 
Ap?en41x - Vr (Contd.) Page-2 
- V a r i e t i e s Treatments 
EC-55171 C o n t r o l 
EC-55171 I n o c u l a t E d 
L . ^ . D . ( a t 5% l e v e l ) 
L, . . i J . ( a t 1% l e v e l ) 
EC-99573 C o n t r o l 
EC-99573 I n o c u l a t e d 
L , 3 . D . ( a t 5% l e v e l ) 
L . 3 . D . ( a t 1% l e v e l ) 
EC-101418 C o n t r o l 
EC-101A18 I n o c u l a t e d 
L . S . D . ( a t i% l e v e l ) 
L . 3 . D . ( a t 1% l e v e l ) 
I C - I C o n t r o l 
I C - I I n o c u l a t e d 
L . 3 . D . ( a t 5% l e v e l ) 
L , 3 . D . ( a t ^% l e v e l ) 
IC-RG C o n t r o l 
IC-RG I n o c u l a t e d 
L . 3 , D . ( a t 5% l e v e l ) 
L , 3 . D . ( a t 1% l e v e l ) 
IC-200 C o n t r o l 
IC-200 I n o c u l a t e d 
L . 3 , D . ( a t 5% l e v e l ) 
L . S . D . ( a t ^% l e v e l ) 
IC-238 C o n t r o l 
IC-238 I n o c u l a t e d 
L . S . D . ( a t 5% l e v e l ) 
L . ^ . D . ( a t 1^ l e v e l ) 
IC-24A C o n t r o l 
IC-244 I n o c u l a t e d 
L . j . D . ( a t 5% l e v e l ) 
L . 3 , D . ( a t 15^  l e v e l ) 
IC-393 C o n t r o l 
IC-393 I n o c u l a t e d 
L . 3 . D . ( a t 5% l e v e l ) 
L , 3 . D . { a t 1% l e v e l ) 
IC-503 C o n t r o l 
IC-503 I n o c u l a t e d 
L . 3 . D . ( a t 5% l e v e l ) 
L . S . D . ( a t ^% l e v e l ) 
Length "cm" 
Shoot Root 
5 4 . 6 
41 .1 
6 8 . 7 
4 8 . 8 
6 3 . 4 
4 5 . 7 
7 7 . 3 
7 0 . 1 
6 6 , 4 
5 6 . 0 
5 9 . 5 
3 8 . 7 
5 1 . 2 
3 5 . 3 
5 3 . 6 
37 .9 
7 0 . 7 
4 7 . 8 
6 0 . 3 
4 4 . 6 
1 3 . 6 
9 . 9 
1 6 . 9 
1 ' . 3 
1 2 . 8 
8 .6 
1 8 . 4 
1 6 . 4 
1 4 . 3 
1 1 . 9 
1 2 . 8 
7 . 6 
1 0 . 3 
6 . 7 
1 6 . 4 
1 0 . 9 
1 5 . 2 
9 . 6 
2 5 . 3 
18 .1 
Total 
6 8 . 2 
5 1 . 0 
4 .634 
10 .689 
8 5 . 6 
60 .1 
6 . 7 9 8 
15.681 
7 6 , 2 
5 4 , 3 
5 . 8 1 8 
1 3 . 4 1 8 
9 5 . 7 
8 6 . 5 
6 . 9 9 3 
1 6 , 1 2 8 
8 0 . 7 
6 7 . 9 
6 .519 
15 .036 
7 2 . 3 
4 6 . 3 
6 .110 
1 4 . 0 9 3 
6 1 . 5 
4 2 . 0 
5 .482 
12 .644 
7 0 . 0 
4 8 . 8 
4 .685 
1 0 . 8 0 8 
8 5 . 9 
5 7 . 4 
5 .895 
1 3 . 5 9 7 
8 5 . 6 
6 2 . 7 
5 .349 
12 .336 
Fresh we ight "g" 
Shoot Root Tota l 
1 6 . 7 
1 2 , 2 
2 0 , 3 
1 3 . 9 
1 6 . 3 
1 1 . 3 
2 3 . 6 
2 0 , 8 
1 5 . 9 
1 3 . 3 
1 3 . 7 
8 .5 
1 3 . 0 
8 .6 
1 5 . 4 
1 0 . 3 
1 8 . 6 
1 1 . 9 
1 5 . 8 
1 1 . 4 
5 .0 
3 .4 
7 . 2 
4 . 7 
7 . 8 
5.1 
9 . 7 
8 . 4 
6 . 5 
5 . 2 
5 .6 
3 .2 
4 . 8 
3 .0 
6 . 0 
3 .9 
6 . 7 
4 .1 
9 . 3 
6 . 3 
2 1 . 7 
1 5 . 6 
1.945 
4 .486 
2 7 . 5 
1 8 . 6 
1.850 
4 . 2 6 8 
24 ,1 
1 6 . 4 
2 .681 
6 .183 
3 3 . 3 
2 9 . 2 
2 .379 
5 .488 
2 2 . 4 
1 8 . 5 
2 .272 
5 .240 
1 9 . 3 
1 1 . 7 
1.712 
3 .950 
1 7 . 8 
1 1 . 6 
1.459 
3 .364 
2 1 . 4 
1 4 , 2 
2 .732 
6 .302 
2 5 . 3 
1 6 . 0 
3 .636 
8 .386 
25 .1 
1 7 . 7 
2 .732 
6 .302 
P l a n t ' * 
dry 
w e i g h t 
"g" 
6 . 5 7 
4 . 5 9 
0 .546 
1.260 
10 .69 
6 . 9 6 
0 .740 
1.707 
7 . 1 3 
4 . 6 7 
0 . 8 0 0 
1,846 
9 . 6 2 
8 ,18 
0 .684 
1.578 
5 . 8 3 
4 . 1 7 
0 . 8 9 5 
2 . 0 6 4 
5 , 2 5 
3 .05 
0 , 7 0 6 
1 .628 
5 . 0 3 
3 .17 
0 .602 
1.389 
6 . 1 9 
3 .99 
0 . 8 3 4 
1.925 
8 . 0 3 
4 . 9 3 
0 , 9 2 5 
2 , 1 3 4 
7 .35 
5 .0 7 
0 . 8 1 3 
1.876 
Perc«n 
t a g * 
r«duc 
U o n 
ov«r 
c o n t r o l 
3 0 . 1 3 
-
34 .89 
-
34 .50 
-
1 4 . 9 7 
-
2 8 . 4 7 
-
4 1 . 9 0 
-
36 .97 
-
3 5 . 5 4 
-
3 8 . 6 0 
_ 
3 1 . 0 2 
R - - p T 
1 0 . 8 8 
-
1 2 . 7 9 
-
1 4 . 8 9 
-
5 . 2 6 
-
8 . 1 0 
-
1 5 . 1 5 
-
1 3 . 1 6 
-
1 3 . 8 9 
_ 
1 6 . 8 3 
_ 
14 .01 
Ibifflber 
o f 
nodulet 
/ r o o t 
system 
56 
43 
7 .311 
16 .862 
72 
54 
5 .650 
13 .031 
73 
52 
6 .794 
15 .671 
77 
71 
7 .629 
1 7 . 5 9 7 
43 
37 
5 .538 
1 2 . 7 7 3 
60 
37 
5 .731 
13 .220 
55 
40 
3 .894 
8 .982 
63 
43 
5 .697 
13 .141 
47 
33 
4 .841 
11 .165 
84 
62 
6 .360 
14 .669 
P e r c e n -
t a g e 
1 r e d u c t i o i 
o v e r 
c o n t r o l 
36.76 
-
2 5 . 0 0 
-
2 8 . 7 7 
-
7 .79 
-
^3 .95 
-
3 8 . 3 3 
-
2 7 . 2 7 
-
31 .75 
_ 
2 9 . 7 8 
2 6 . 1 9 
IX- VII : 'e Gonse o' t/ertv co«rpea varieties a_ai-st ".in ognita , 
Length "cm" Fresh weight"g" Pla""ts Percen "ur te r ^.u^te"" ^ r 
dry tage of of t 
v.eight reduc „ _ Pf : a l l s / no:i-.le /?r^ t i e s ' i -oat rpnts Shoot Root Total Shoot Root Total iign t l o r Pi root /roo* 
'^ver s steii s 'S te^ c.'-
"ontrol t 
Pus,i Dochasll 'o-1-ro] 40.6 16.3 56.9 18.0 7.6 25.6 8.24 - _ - 70 -
Pu== Dcr e l l Inoculated 2u.1 9.3 33.4 10.3 4.1 14,4 4.49 45,po 22.19 119 43 
L. . . ( a t 5 % l e v e ] ) 3.98C 2 .71- 1.618 B.OoB 
L. . . ( = t 1?^  l e v e l ) 9.180 6.'•62 3.732 IS.bCc 
- j s M d ' g ian t -o"*"cl -^i.' 16.0 = 1 . d „ 2 4 . 6 8.9 3';,5 11.23 - _ _ 78 -
. - - . ' g i an t I ' o - j l a t e d 41.1 9.9 51.0 13.2 -^.5 17.5 5.63 49.86 22.68 1^0 
L.^ . ) (a t 5?6 l=vel ) 4.841 3.283 1.101 6 .5 ° : 
' . . . ( a - 1% I w e l ) 11.165 7,572 2,5^1 ^:>.Z^: 
FGR-450 l o - t r o l }-..5 1-«,3 .,8.9 ' 7 . 6 t . 6 23.? 7.10 - - - 52 -
^OR-450 Ino-ula ted 27.9 11.4 39.3 13.9 '•.3 18.2 5.48 22.81 9.70 54 43 i . 
L . S . J , ( a t 5% l e v e l ) 4.3^6 2.982 0.757 8.744 
L . 3 . 3 , ( a t 1% l e v e l ) 10.024 6.878 1.747 20.167 
CO-4 Control 47.5 16.3 63.8 22,5 8.3 30.8 10.73 - _ _ 81 -
CO-4 Inoculated 38.9 13.0 51.9 17.8 6.5 24.3 8.40 21.71 7.85 ^8 68 icO^. 
L .o .D . (a t 5% l e v e l ) 6.269 2.956 0.873 8.016 
L .3 .D . ( a t 1?6 l e v e l ) 14.460 6.818 2.014 18.490 
S-488 Control 27.6 10.3 37.9 14.3 A.4 18.7 5.29 - - - 66 -
3-488 Inoculated 19.1 7.0 26.1 9.7 2.9 12.6 3.50 33.83 12.85 95 49 2-.7= 
L.S .D.(a t 3% l e v e l ) 5.439 3.149 0.796 5.43^ 
L .3 .D. (a t 1% l e v e l ) 12.545 7.265 1.836 12.535 
HC-2 3ontrol 65.3 15.3 80.6 19.4 o.4 25.8 9.06 _ _ - 57 . 
=^ C-2 Inoculated ^0.2 9.0 49.2 11.4 3.6 15.0 5.14 43.29 20.15 118 36 3o.-^ 
L .3 .D . (a t 5% l e v e l ) 5.835 2.418 1.308 9.173 
L. . . D . ( a t 1% l e v e l ) 13.458 5.577 3.017 21.160 
R3-e Control 30.8 9.3 40.1 16.5 5.2 21.7 6.84 - - - 61 -
RC-8 Inoculated 22.8 6.6 29.4 11.7 3.6 15.3 4.74 30.70 14,03 85 47 ^ ."-
L . J . J . ( a t 55^  l e v e l ) 3.674 1.614 0.615 4.712 
L. . J . ( a t 196 l e v e l ) 8.476 3.721 1.419 10.867 
R--48 Control 38.6 13.8 52.4 20.6 5.9 26.5 9.49 - _ _ 45 -
RC-48 Inoculated 25.5 8.6 33.6 12.8 3.6 16.4 5.68 40.14 19.22 108 30 3i.5, 
L.S.D.iat 5% level) 4.763 2.732 0.766 7.59O 
L .3 .D. (a t 1% l e v e l ) 10.986 6.302 1.767 17.507 
EC-4213A Control 57.2 14.5 71.7 14.7 8.4 23.1 6.56 - - _ 87 -
EC-4213A Inoculated 40.6 9.9 50.5 10.1 5.6 15.7 4.37 33.38 16.51 93 66 2^.-' 
L . 3 . J . ( a t 53^  l e v e l ) 5.507 I .833 0.598 
L . i . - J . ( a t 15^  l e v e l ) 12.704 4.228 1.379 
EC-4874 Control 76.5 17.2 93.7 26.4 9.4 35,8 9.36 
6.136 
14.530 
38 
EC-4B74 Inoculated 47.9 10.4 63.2 16.0 5,4 21.4 5.32 43.16 22.91 116 24 36,6^ 
L,S.D.(a t 5?^  l e v e l ) 4.333 2.255 0.658 5.482 
L ,3 ,D. (a t 1% iFve l ) 9.99A 5.201 1.581 12.644 
EC-55171 Control 54.6 13.6 68.2 16.7 5.0 21.7 6.57 - - - 68 -
EC-55171 Ino-u la ted -0 .6 12.3 62.9 15.2 4.4 I9 .6 5.49 16.44 5.89 34 63 7 , -
L . - . D . ( a t 5% l e v e l ) 4,862 1,652 0.641 6,889 
L .^ .D . ( a t 154 l e v e l ) 11.215 3.811 1.479 15.'8S9 
i?C-99573 Cortrol 68.7 16.9 85.6 20.3 7.2 27.5 10.69 - _ _ 72 -
EC-99573 Inoculated 52.6 12.4 65.0 15.1 5.1 20.2 7.66 28.34 13.09 72 57 JQ S ' 
L . . . J . ( a t 55^  l e v e l ) 6.415 2.177 0.925 8 201 
L .S .L . ( a t 1?« l e v e l ) U . 7 9 8 5.022 2.134 13*917 
Appendix-.VII (Contd,) Page-2 
Varieties 
SC-101418 
EC-101418 
L.S.D.(at 
L.S,D.(at 
IC-I 
IC-I 
Treatments 
Control 
Inoculated 
3% level) 
1?i level) 
Control 
Inoculated 
L.S.D.(at 596 level) 
L.S.D.(at 
IC-RG 
IC-RG 
L.S.D,(at 
L.S.D.(at 
IC-200 
IC-200 
L,S.D.(at 
L.3.D.(at 
IC-238 
IC-238 
L,S.D.(at 
L.£.D.(at 
IC-244 
IC-244 
^% level) 
Control 
Inoculated 
3% level) 
^% level) 
Control 
Inoculated 
3% level) 
^% level) 
Control 
Inoculated 
3% level) 
^% level) 
Control 
Inoculated 
L.S.D.(at 5?i level) 
L.S.D.(at 
IC-393 
IC-393 
L.S.D.(at 
^% level) 
Control 
Inoculated 
3% level) 
L.S.D.(at 1% level) 
IC-503 
IC-503 
L.S.D.(at 
L.3.D.(at 
Control 
Inoculated 
3% level) 
1% level) 
Length "cm" 
Shoot 
63.A 
40.4 
77.3 
53.0 
66.4 
43.4 
59.5 
40.2 
51.2 
36.9 
53.6 
40.4 
70.7 
37.1 
60.3 
57.9 
Root Total 
12.8 76.2 
8.6 48.2 
5.537 
12.773 
18.4 95.7 
12.3 65.3 
6.601 
15.225 
14.3 80.7 
9.0 52.4 
7.853 
18.113 
12.8 72.3 
8.3 46.3 
5.598 
12.912 
10.3 61.5 
7.2 44.1 
5.008 
11.553 
16.4 70.0 
11.8 51.8 
5.830 
13.448 
15.2 85.9 
7.5 44.6 
4.677 
10.788 
25.3 85.6 
23.9 81.8 
4.294 
9.905 
Fresh welght"g" 
Shoot Root Total 
16.3 
10.0 
23.6 
15.6 
15.9 
10.2 
13.7 
9.0 
13.0 
9.1 
15.4 
11.3 
18.6 
9.4 
15.8 
15.0 
7.8 24.1 
4.6 14.6 
1.992 
4.595 
9.7 33.3 
6.3 21.9 
1.729 
3.989 
6.5 22.4 
4,0 14.2 
2.728 
6.292 
5.6 19.3 
3.6 12.6 
3.021 
6.967 
4.8 17.8 
3.3 12.4 
1.243 
2.868 
6,0 21.4 
4.2 15.5 
2.469 
5.696 
6.7 25.3 
3.1 12.5 
3.124 
7.205 
9,3 25.1 
8,6 23.6 
2.263 
5,220 
Plant's 
dry 
weight 
"g" 
7.13 
4.17 
0.727 
1.677 
9.62 
6.27 
0.929 
2.144 
5.83 
3.61 
0.804 
1.856 
5.25 
3.33 
0.417 
0.963 
5.03 
3.42 
0.740 
1.707 
6.19 
4.39 
0.709 
1.637 
8.03 
3.80 
1.032 
2.382 
7.35 
6.85 
0.762 
1.756 
1 Percen 
tage pf 
reduc R=» §f 
tion ^^ 
over 
control 
» 
41.51 
-
34.82 
-
38,07 
-
36.57 
-
32.00 
-
29.07 
-
52.67 
1 
1 
-
6.80 
_ 
20.80 
-
14.39 
-
17.28 
-
17.89 
-
14.90 
-
15,65 
-
21.21 
-
1.55 
Number 
of 
galls/ 
root 
system 
. 
112 
-
97 
-
106 
-
102 
-
88 
-
79 
-
123 
-
18 
Number 
of 
nodules 
/root 
system 
73 
48 
6.183 
14.262 
77 
56 
6.287 
14.500 
43 
50 
4.182 
9.647 
60 
42 
4.454 
10,272 
55 
42 
4,978 
11,483 
63 
49 
6.450 
14,887 
47 
26 
7,319 
16,882 
84 
80 
5,580 
12,873 
Percen-
tage 
reduc-
tion 
over 
control 
-
34.24 
-
27.27 
-
30.23 
-
30.00 
-
23.63 
-
22,22 
-
44.68 
-
4,76 
APPENDIX-vm: Response of twenty cowpea varieties against Rhizoctoni solani. 
Varieties Treatments 
Length "cm" Fresh weight "g" 
Shoot Root Total Shoot Root Total 
Plant's 
dry 
weight 
"g" 
Percen 
tage 
reduc 
tion 
over " 
control 
Number of Percentage 
nodules reduction 
/root over 
system control 
Pusa Dophasll Control 
Pusa Dophasll Inoculated 
L.S.D.(at 3% level) 
L.3.D.(at ^% level) 
Russian Giant Control 
Russian Giant Inoculated 
L.S.D.(at 3% level) 
L.S.D.(at ^% level) 
FaR-450 Control 
FGR-450 Inoculated 
L.S.D.(at 31i level) 
L.S,D.(at A% level) 
CO-4 Control 
CO-4 Inoculated 
L.3.D.(at 3% level) 
L.S.D.(at 1% level) 
3-488 Control 
S-488 Inoculated 
L,S.D.{at 3% level) 
L.3.D.(at 156 level) 
RC-2 Control 
aC-2 Inoculated 
L,S.D.(at 3% level) 
L,S.D,(at 1% level) 
RC-8 Control 
RC-8 Inoculated 
L.3.D.(at 3% level) 
L.S.D.(at ^% level) 
RC-48 Control 
RC-A8 Inoculated 
L.S.D,(at 3% level) 
L.S.D.(at ^% level) 
EC-4213A Control 
EC-4213A Inoculated 
L.3.D.(at 3% level) 
L.S.D.(at :% level) 
SC-4B74 Control 
SC-4874 Inoculated 
L.3.D.(at 3% level) 
L.3.D.(at 1% level) 
40.6 
20.9 
73.2 
34.1 
54.6 
25.8 
47.5 
46.4 
27.6 
17.5 
65.3 
32.4 
30,8 
28.2 
38.6 
21.0 
57.2 
54.0 
76.5 
40.7 
16.3 56.9 
7.5 28.4 
5.869 
13.538 
18.6 91.8 
7.7 41.8 
6.054 
13.945 
14.3 48.9 
10.6 36.4 
5.043 
11.632 
16.3 63.8 
15.5 61.9 
4.961 
11.443 
10.3 37.9 
6.1 23.6 
6.329 
14.599 
15.3 80.6 
6,4 38.8 
6.334 
14.609 
9 .3 40.10 
8.3 36.5 
3.980 
9.746 
13.8 52.4 
7.0 28.0 
5.628 
12.982 
14.5 71.7 
13.3 67.3 
4.389 
10.123 
17.2 93.7 
8.4 49.1 
6.136 
14.153 
18.0 
8 . 8 
24.6 
10.5 
17.6 
12.8 
22.5 
22.1 
14.3 
8 . 9 
19,4 
8 . 4 
16,5 
14.6 
20.6 
10.8 
14.7 
13.8 
26.4 
13.3 
7 . 6 
3 . 5 
8 .9 
3 . 3 
• 
5 . 6 
3 .9 
8 . 3 
8 .0 
4 . 4 
2 . 5 
6 , 4 
2 . 5 
5 . 2 
4 . 5 
5 .9 
2 . 8 
8 . 4 
7 . 7 
9 , 4 
4 . 3 
25.6 
12.3 
3.412 
7.870 
33.5 
13.8 
2.839 
^ 5 5 0 
23.2 
16.7 
3.148 
7.265 
30.8 
30,1 
1.889 
4.357 
18.7 
11.4 
2.177 
5.022 
25.8 
10.9 
2.982 
6.878 
21.7 
19.1 
1.308 
3.017 
26.5 
13.6 
3.111 
7.176 
2'3.1 
21.5 
2.612 
6.024 
35.8 
17.6 
3.743 
8.635 
8.24 
3.67 
1.721 
3.970 
11.23 
4.41 
1.299 
2.997 
7 .1 
5.02 
0.817 
1.886 
10.73 
10.39 
0,727 
1.677 
5.29 
3.14 
1.472 
3.394 
9.06 
3,82 
2.000 
4.615 
6.84 
6.12 
0.903 
2.084 
9.49 
4.71 
0.891 
2.054 
6.56 
5.99 
0.787 
1.816 
9.36 
4.44 
1.282 
2.958 
-
55.46 
-
60.73 
-
29.29 
-
M 6 
-
40.64 
-
57.83 
-
10.53 
-
50.36 
-
8.69 
-
52.56 
70 
26 
9.639 
22.232 
78 
39 
8.098 
18.678 
52 
34 
7.586 
17.498 
81 
80 
5.304 
12.247 
66 
32 
5.994 
13.825 
57 
28 
9.987 
23.035 
61 
58 
6.239 
14.391 
45 
20 
6.824 
15.741 
87 
84 
5.439 
12.545 
38 
20 
6.394 
14.748 
62.86 
50,00 
34.60 
1.23 
48.48 
50.88 
4.92 
55.55 
3.45 
47,37 
Contd,... 
Appendix-Vni (Contd.) Page-2 
Varieltes 
EC-55171 
EC-55171 
Treatments 
Control 
Inoculated 
L.3.D.(at '5% level) 
L.S.D.(at 
EC-99573 
EC-99573 
^% level) 
Control 
Inoculated 
L,S,D.(at 5% level) 
L.S.D.(at 
EC-101418 
EC-101418 
L.3.D.(at 
L.S.D.(at 
IC-I 
IC-I 
^% level) 
Control 
Inoculated 
5% level) 
^% level) 
Control 
Inoculated 
L.3.D.(at 5% level) 
L.S.D.(at 
IC-RG 
IC-RG 
^% level) 
Control' 
Inoculated 
L.S.D.(at 5% level) 
L.S.D.(at 
IC-200 
IC-200 
^% level) 
Control 
Inoculated 
L.S.D.(at 5% level) 
L.S.D.(at 
IC-238 
IC-238 
L.S.D.(at 
L.S.D.(at 
IC-244 
IC-244 
L.S,D,(at 
L.3.D.(at 
IC-393 
IC-393 
L,S.D.(at 
L.3.D.(at 
IC-503 
IC-503 
L.S.D.(at 
L.3,D.(at 
^% level) 
Control 
Inoculated 
5% level) 
^% level) 
Control 
Inoculated 
5% level) 
^% level) 
Control 
Inoculated 
5% level) 
^% level) 
Control 
Inoculated 
596 level) 
^% level) 
Length "cm" 
Shoot 
54.6 
36.3 
68.7 
39.1 
63.4 
35.6 
77.3 
57.7 
66.4 
40.7 
59.5 
41,3^ 
51.2 
28.5 
53.6 
49.5 
70.7 
42.3 
60.3 
37.6 
Root 
13.6 
8.5 
16.9 
8.8 
12.8 
6.7 
18.» 
12.8 
14.3 
8.1 
12.8 
8.5 
10.3 
5.3 
16.4 
15.5 
15.2 
8.6 
25.3 
14.5 
Total 
68.2 
44.8 
5.869 
13.538 
85.6 
47.9 
5.202 
11.999 
76.2 
42.3 
6.359 
14.669 
95.7 
70.5 
5.534 
12.763 
80.7 
48.8 
8.623 
19.889 
72.3 
49.8 
7.328 
16.902 
61.5 
33.8 
7.479 
17.249 
70.0 
65.0 
4.213 
9.716 
85.9 
50.9 
5.438 
12.545 
85.6 
52.1 
4.677 
10.788 
Fresh 
Shoot . 
16,1 
10.7 
20.3 
11.0 
16.3 
8.7 
23.6 
16.8 
15.9 
9.3 
13.7 
9.3 
13.0 
6.9 
15.4 
14.0 
18.6 
10,5 
15,8 
9.5 
welght"g" 
.Root 
5.0 
3.0 
7.2 
3.6 
7.8 
3.9 
9.7 
6,4 
6.5 
3.4 
5.6 
3.5 
4.8 
2.3 
6,0 
5.4 
6.7 
3.5 
9.3 
5.0 
Total 
21.7 
13.7 
1,2483 
2,878^ 
27.5 
14.6 
2.638 
6.084 
24.1 
12.6 
3.244 
7,483 
33.3 
23.2 
1#713 
3.950 
22.4 
12.7 
1.962 
4.526 
19.3 
12.8 
2.439 
5.627 
17.8 
9.2 
2.220 
5.121 
21.4 
19.^ 
2.069 
4.774 
25.3 
14.0 
2.663 
6.143 
25.1 
14.5 
2.009 
4.635 
Plant's 
dry 
weight 
"g" 
6.57 
4.06 
0.546 
1.260 
10.69 
5.56 
0.972 
2.243 
7.13 
3.62 
0,891 
2! 054 
9.62 
6.61 
0.805 
1.856 
5.83 
3.23 
0.800 
1.846 
5,26 
3.38 
0.770 
1.776 
5.03 
2.55 
0.921 
2.12/^  
6.19 
5.60 
0.667 
1.538 
8,03 
4.27 
0.787 
1.816 
7.35 
4.12 
0.723 
1.667 
Percen Number 
tage of 
reduction nodule: 
over 
control 
-
38.20 
-
47.98 
-
49.23 
-
31.28 
-
44.59 
-
35,62 
-
49.30 
-
9.53 
-
46.82 
-
43.94 
/root 
system 
68 
44 
5.207 
12.009 
72 
33 
7.242 
16.704 
73 
39 
7,427 
17,130 
77 
49 
8,640 
19.929 
43 
26 
4.393 
10.133 
60 
43 
6.893 
15.899 
55 
25 
6.351 
14,649 
63 
59 
7.612 
17.557 
47 
28 
6.162 
14.213 
84 
54 
7.156 
16.495 
Percen-
tage 
3 reduc-
tion 
over 
control 
-
35.29 
-
54.16 
-
46.57 
-
36.36 
-
39.53 
-
28.33 
-
54.54 
-
6.34 
-
40.42 
_ 
35.71 
APPENDIX-IX : 
Var ie- Treat -
t i e s ment 
S-488 C?^  
3-488 ^r 
3-488 Ml 
S-488 Rs* 
3-U88 Rr+Ki 
3-488 -;r+Rs 
Ef " ' 0 f c ncori t j r i 
o./pea v a r i e t i e s . 
Len-th "cm" 
Shoot 
24.3 
24.8 
17.3 
14.9 
15.1 
15.4 
L. . . D . ( a t ^ l e v e l ) 
L .3 .D . ( a t 1 / li 
CO-4 C 
CO-4 -ir 
CO-4 Ki 
CO-4 Rs 
CO-4 Rr+Rs 
CO-4 Mi+Rs 
L ,^ .D . (a t 5% 1-
L.S .D. (a t ^7(, 1: 
IC-503 C 
IC-303 Rr 
IC-503 Mi 
IC-503 Rs 
IC-503 Rr+ni 
IC-503 Mi+Rs 
L. _ .D,(at 5% 1' 
L . ; . D , ( a t •)% 1> 
IC-244 C 
IC-244 Rr 
IC-244 Mi 
IC-244 Rs 
IC-244 Ir+Rs 
IC-244 Fa+Rs 
L .S .D. (a t 5% li 
L .3 .D . (a t ^% 1. 
EC-4213A C 
EC-4213A Rr 
EC-4213A Ml 
EC-4213A Rs 
EC-4213A Rr+^'i 
EC-4213A j+Rs 
EC-4213A Mi+Rs 
L.3 .D. (a t yA 1( 
svel) 
44.3 
34.8 
37.7 
45.3 
33.5 
30.0 
svel) 
svel) 
63.6 
48.7 
54.7 
41.5 
47.5 
39.1 
evel) 
svel) 
51.4 
37.7 
39.8 
46.9 
33.6 
31.7 
svel) 
5vel) 
60.4 
58.1 
43.8 
57.6 
39.7 
A9.3 
38.5 
;vel) 
L .3 .D. (a t 1-A l e v e l ) 
RC-8 C 
RC-8 Rr 
RC-8 Mi 
RC-8 Rs 
RC-8 Rr+Ml 
RC-8 Rr+Rs 
RC-8 Mi+Rs 
32.3 
30.3 
24.7 
30.5 
18.6 
25.0 
19.2 
L ,S .D . (a t 5% l e v e l ) 
L .S ,D . (a t 1% l e v e l ) 
Root Total 
12.0 36.3 
11.6 36.4 
7.9 ?5.2 
7.5 22.4 
6.8 21.9 
7.0 22.4 
3.139 
4.465 
18.3 62.6 
13.3 48.1 
1't.9 52.6 
17.6 62.9 
12.9 46.4 
11.3 41.3 
4.160 
5.916 
20.9 84.5 
14.7 63.4 
20.2 84.9 
12.6 54.1 
I'*.3 61.8 
11.4 50.5 
6.341 
9.019 
18.3 69.7 
12.7 50.4 
13.1 52.9 
16.2 63.1 
11.1 44.7 
11.8 43.5 
5.639 
8.021 
13.3 73.7 
12.3 70.4 
9.1 52.9 
12.1 69.7 
7.9 47.6 
11.4 60.7 
7.5 46.0 
5.249 
7.359 
8.8 41.1 
8.0 38,3 
6,1 30,8 
7.7 38.2 
4.7 23.3 
6.5 31.5 
4 .8 24,0 
5.999 
8.410 
*Rr = Rotylencriulus reniforn 
*Rs = Rhizoctoni a bolani 
ce of 
Fres 
3hoot 
15.7 
15.6 
11.5 
9 . 3 
10.9 
9 .6 
19.5 
14.7 
16.1 
20.2 
15.1 
13.6 
17.4 
12.1 
18.0 
10.9 
12.3 
9 . 9 
17.3 
12.2 
12.9 
16.4 
10.6 
10.3 
16.5 
15.5 
11.5 
15.3 
11.2 
14.2 
10.0 
19.1 
17.3 
13.9 
17.0 
12.5 
15.5 
10.6 
nis 
pa the 
h tiex 
Root 
4 . 0 
4 . 2 
2 . 8 
2 . 2 
2 . 6 
2 .1 
9 . 8 
6 . 8 
a.5 
9 .2 
5 . 5 
5.1 
10.2 
7 . 5 
9 . 7 
5 . 9 
5 . 7 
5 . 3 
7 . 7 
5 .1 
5 . 3 
7 .1 
4 . 2 
4 .1 
9 . 5 
8 .5 
5 . 3 
8 . 3 
5 .9 
7 . 5 
6 .2 
5 .2 
5 . 4 
4 . 7 
5 . 3 
3 . 7 
4 . 7 
3 . 8 
^ens on 
ght"3" 
Total 
19.7 
19.8 
1-..3 
11.5 
13.5 
11.7 
2.540 
3.755 
29.3 
21.5 
24.6 
29.4 
21.7 
19.7 
5.469 
7.780 
27.6 
19.7 
27.7 
16.8 
19.0 
15.2 
2.700 
"3.841 
25.0 
17.3 
18.2 
23.5 
14.8 
14.4 
3.259 
4.535 
25.0 
24.0 
17.8 
23.5 
17.1 
21.8 
15,2 
2,159 
3.027 
25.3 
22.7 
18.6 
22.3 
16.2 
20.3 
14.4 
3.259 
4.570 
*Mi = Me 
*C 
the r e s i s t a n t / m o d e r a t e l 
P l a n t ' s 
dry 
weight 
"g" 
6.18 
5.98 
3.95 
3.54 
3.52 
3.16 
0.396 
0.564 
9.88 
7.17 
7.71 
9.84 
6.95 
5.41 
0.702 
0.998 
9 . 0 
6.25 
8.63 
5.12 
5.97 
4.79 
0.579 
0.955 
7.10 
4.61 
4.91 
5.50 
3.55 
3.16 
0.860 
1.223 
7.08 
6,42 
4,56 
5,53 
3.90 
5.50 
3.50 
0.649 
0.910 
8.26 
7.57 
5.94 
7.59 
4.50 
5.91 
4.20 
1.259 
1.766 
Percen 
tage 
reduc 
t ion 
over 
control 
-
3.24 
36.08 
42.72 
43.04 
48.87 
-
27.43 
21.96 
0.40 
29.65 
45.24 
-
31.34 
5.16 
43.77 
34.39 
47.36 
-
35,07 
30.84 
8.45 
50.00 
55.49 
-
9,32 
35,59 
7.76 
44.91 
22.32 
50.56 
-
8.35 
28.08 
8.11 
45.52 
28.45 
49.15 
'loidogyne incogn 
; = Control 
R - U 
rnr*} 
-
0.57 
-
-
2.66 
0.89 
0.905 
1.501 
-
11.61 
-
-
10.31 
-
1.531 
3.751 
-
9.71 
-
-
10.87 
-
1.140 
2.630 
-
13.92 
-
-
11.19 
-
1.050 
2.422 
-
1.88 
-
-
9.42 
2.72 
-
1.998 
3.315 
-
3.69 
-
-
7.41 
5.22 
-
1.468 
2.435 
i t a 
' r . ; , i s t 
R - £ | 
( M l * ) 
-
-
13.96 
-
14.58 
-
0.809 
1.866 
-
-
8.41 
-
-
9.72 
1.299 
2.997 
-
-
2.13 
-
1.31 
0.92 
0,819 
1.358 
-
-
13.04 
-
-
12.14 
0.817 
1.885 
-
-
15.85 
-
14.53 
-
12.31 
2.271 
3.765 
-
-
15.25 
-
13.20 
-
11.45 
1.679 
2.785 
ant res 
Root-
knot 
index 
-
-
5.00 
-
4.80 
-
0.439 
0.727 
-
-
1.76 
-
-
1.96 
0.655 
1.086 
-
-
0.48 
-
0.72 
0.36 
0.741 
1.229 
-
-
3.44 
-
-
3.04 
0.386 
0.639 
-
-
4.00 
-
3.76 
-
3.20 
0.513 
0.852 
-
-
3.60 
-
3.32 
-
3.52 
0,477 
0,792 
;. jr.-f 
of no- t= 
dules r 
/ r oo t -
syste c^  
72 
68 
51 ^ 
42 4' 
57 4 
36 
6.639 
9.444 
88 
DS 
71 
84 
63 
^5 u. 
9.339 
13.284 
77 
57 ^7 
•75 
53 3' 
57 25 
48 r. 
8.649 
12.3C2 
42 
50 26. 
34 19. 
40 
21 . : , 
20 5 . 
7.359 
1 J . 4 D 8 
105 
10^4 
7 2 • • < ^ . 
IOC 5. 
5o ' ' , 
87 ">. 
44 3^ . 
12.200 
17.105 
69 -
56 4. 
51 26, 
64 7. 
44 3'-. 
47 20. 
31 35. 
9.470 
13.277 
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- • D : 
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APPENDIX- X : Efficacy of different inoculum levels of P.lllacinus for the control of R.renifomis, 
T r e a t m e n t s 
C o n t r o l 
P . l l l a c i n u s 
P . l i l a c i n u s 
P . l l l a c i n u s 
P . l i l a c i n u s 
M. lncogn i 
Inoculum 
l e v e l s 
0 . 0 0 
0 . 2 5 g 
0 . 5 0 g 
1.00 g 
2 . 0 0 g 
L . S . D . ( a t ^% l e v e l ) 
L . S . D . ( a t ^% l e v e l ) 
C o n t r o l 
R . r e n i f o r m i s 
Rr*+Pl» 
Rr+Pl 
Rr+Pl 
Rr-t-Pl 
0 . 0 0 
1000 IP* 
1000+0.25g 
1000+0.50g 
1000+1.OOg 
1000+2.Og 
L . S . D . ( a t 59« l e v e l ) 
L . 3 . D . ( a t 1% l e v e l ) 
C o n t r o l 
M . i n c o g n i t a 
Hi'Vpi 
Mi+Pl 
Mi+Pl 
Mi+Pl 
0 . 0 0 
1000 L* 
1000+0.25g 
1000+0.50g 
1000+1.OOg 
1000+2.OOg 
L . : . D . ( a t 5% l e v e l ) 
L . 3 . D . ( a t ^% l e v e l ) 
C o n t r o l 
R . s o l a n l 
Rs*Pl 
Rs+Pl 
Rs+Pl 
Rs+Pl 
L . 3 . D . ( a t 5% 
0 . 0 0 
I.OOg 
1+0 .25g 
1+0 .50g 
1+1.OOg 
1+2.OOg 
l e v e l ) 
L . 3 . D . ( a t ^% l e v e l ) 
*Rr 
»P1 
»M1 
*Rs 
. ta and R . s o l a n i i n f 
Leng th "cm" 
Shoot 
9 7 . 8 
1 0 2 . 6 
1 0 1 . 7 
1 0 0 . 0 
9 6 . 2 
9 .971 
1^.507 
9 7 . 8 
7 4 . 5 
7 3 . 1 
7 5 . 7 
7 8 . 2 
8 2 . 4 
Root 
1 5 . 3 
1 6 . 0 
1 5 . 9 
1 5 . 7 
1 5 . 1 
2 . 1 9 3 
3 .191 
1 5 . 3 
1 1 . 8 
1 1 . 8 
1 2 . 0 
1 2 . 6 
1 2 . 8 
T o t a l 
1 1 3 . 1 
1 1 8 . 6 
1 1 7 . 6 
1 1 5 . 7 
1 1 1 . 3 
5 .901 
8 .585 
1 1 3 . 1 
8 6 . 3 
8 4 . 9 
8 7 . 7 
9 0 . 8 
9 5 . 2 
4 . 8 1 6 0 . 9 6 7 5 .365 
6 .851 
9 7 . 8 
5 2 . 7 
5 6 . 3 
5 7 . 8 
6 3 . 3 
7 0 . 6 
4 . 6 5 2 
6 .617 
9 7 . 8 
4 9 . 2 
4 7 . 7 
5 3 . 0 
5 8 . 6 
6 0 . 4 
= R o t y l e n c h u l u s r 
e c t i o n . on cowpea. 
F r e s h w e i g h t "g" 
Shoot 
2 6 . 3 
2 7 . 2 
2 6 . 7 
2 6 . 9 
2 6 . 5 
3 .452 
5 .022 
2 6 . 3 
1 9 . 6 
1 9 . 3 
2 0 . 2 
2 0 . 6 
2 2 . 3 
2 .346 
1 .375 7 . 6 3 0 3 .357 
1 5 . 3 
7 . 9 
8 . 7 
9 . 0 
1 0 . 1 
1 0 . 8 
1.462 
2 .079 
1 5 . 3 
7 . 6 
7 , 3 
8 .2 
8 . 8 
9 . 3 
113 .1 
6 0 . 6 
6 5 . 0 
6 6 . 8 
7 3 . 4 
8 1 . 4 
6 . 1 0 7 
8 .686 
113 .1 
5 6 . 8 
5 5 . 0 . 
6 1 . 2 
6 7 . 4 
6 9 . 7 
10 .264 
1 4 . 6 0 0 
e n i f o r m i s 
= P a e c l l o m v c e s l i l a c i n u s 
= Melo ldogyne I n c o g n i t a 
= R h l z o c t o n i a s o l a n i 
2 6 . 3 
1 4 . 2 
1 6 . 0 
1 6 . 7 
1 8 , 3 
20 .1 
1.662 
2 . 3 6 4 
2 6 . 3 
1 3 . 7 
1 3 . 4 
1 4 . 6 
1 6 . 0 
1 6 . 8 
-
*ir 
•L 
. Root 
9 . 5 
9 . 9 
9 . 8 
9 . 6 
9 . 7 
1.079 
1.570 
9 . 5 
7 . 0 
7 . 2 
7 , 3 
7 . 5 
7 . 8 
0 . 5 1 5 
T o t a l 
3 5 . 8 
37 .1 
3 6 . 5 
3 6 . 5 
3 6 . 2 
1.780 
2 . 5 9 0 
35 .-B 
2 6 . 6 
2 6 . 5 
2 7 . 5 
2 8 . 1 
30 .1 
3 .262 
0 . 7 3 2 4 .639 
9 . 5 
5 . 0 
5 . 6 
6 . 2 
6 , 5 
7 , 4 
1 .107 
3 5 . 8 
1 9 . 2 
2 1 . 6 
2 2 . 9 
2 4 . 8 
2 7 . 5 
2 . 3 1 5 
1 .574 3 . 2 9 3 
9 . 5 
4 . 9 
4 . 6 
5 .1 
5 . 6 
6 . 0 
35 .81 
1 8 . 6 
1 8 . 0 
1 9 . 7 
2 1 . 6 
2 2 . 8 
. 2 .862 
4 . 0 7 2 
= Immature ; 
P l a n t ' s 
d ry 
w e i g h t 
" g " 
1 5 . 2 4 
1 3 . 9 0 
1 2 . 6 3 
1 3 . 4 0 
1 3 . 8 6 
1.021 
1.486 
1 3 . 2 4 
9 . 6 4 
9 . 7 7 
9 . 9 6 
1 0 . 2 2 
1 0 . 9 3 
•0:820 
1 .166 
1 3 . 2 4 
6 . 9 2 
7 . 6 4 
8 . 2 5 
9 . 2 9 
1 0 . 2 6 
1 .083 
1.540 
1 3 . 2 4 
6 . 0 8 
6 . 7 7 
7 .02 
8 . 2 4 
8 , 6 4 
1.745 
2 .481 
females 
P e r c e n -
t a g e p , Pf 
r e d u c PI 
t i o n 
o v e r 
c o n t r o l 
_ 
+ 4 . 9 8 
4 . 6 1 
+1,21 
+ 4 . 6 8 
-
-
2 7 . 1 9 
26 .21 
2 4 . 7 7 
22 .81 
1 7 . 4 4 
-
4 7 . 7 3 
4 2 . 2 9 
3 7 . 6 8 
2 9 , 8 3 
22 .51 
-
5 4 . 0 8 
4 8 . 8 7 
4 6 . 9 7 
3 7 . 7 6 
3 4 . 7 4 
" Second s t a g e l a r v a e 
' 
-
-
-
-
-
-
8 . 9 4 
8 . 1 5 
7 . 4 7 
6 . 2 2 
5 .11 
2 . 5 6 7 
5 . 7 6 4 
-
1 7 . 9 5 
1 7 . 2 2 
1 4 . 5 5 
1 0 . 0 7 
7.2<* 
0 . 9 4 1 
1.369 
-
-
-
-
-
-
Root -
k n o t 
index 
-
-
-
-
-
-
-
-
-
-
-
~ 
3 .72 
3 . 5 6 
2 . 4 8 
1 .64 
0 . 9 6 
0 . 4 2 0 -
0 .611 
-
-
-
-
-
-
• Number 
of 
: nodu le 
/ r o o t 
sys tem 
86 
80 
88 
78 
83 
9 . 4 3 3 
1 3 . 7 3 8 
86 
57 
61 
70 
62 
74 
6 . 1 6 9 
8 . 7 7 5 
86 
51 
44 
60 
66 
72 
8 .252 
1 1 . 7 3 8 
86 
43 
38 
50 
59 
64 
7 .492 
1 0 . 6 5 7 
Perctr 
t a g e 
s r e d u c 
t i o n 
ove r 
c o n t r 
-
6 .9e 
+ ^ . 3 2 
9 .3 ' . 
3 .49 
-
22 .05 
29 .07 
18 .60 
27 .91 
13 .95 
-
4 0 . 6 9 
4 8 . 8 4 
3 0 . 2 3 
2 3 . 2 5 
1 6 . 2 8 
— 
5 0 . 0 0 
55 .81 
4 1 . 8 6 
31 .39 
2 5 . 5 8 
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A.PPENDIX-XII S 
T r e a t m e n t s 
U n t r e a t e d -
U n l n o c u l a t e d 
( C o n t r o l ) 
U n t r e a t e d -
I n o c i i l a t e d 
Rr» 
Mt« 
Rs» 
Rr+Mi+Rs 
A l d i c a r b -
t r e a t e d ( A ) 
Rr+A 
Ml+A 
Rs+A 
Rr+Ml+Rs-fA 
B a v l s t l n _ 
t r e a t e d (B) 
Rr+B 
Ml+B 
Rs+B 
Rr+Mi+Rs+B 
Neem-cake 
t r e a t e d (NC) 
Rr+NC 
Ml+NC 
Rs+NC 
Rr+Ml+Rs+NC 
G r o u n d n u t - c a k e 
t r e a t e d (GC) 
Rr+GC 
Mi+GC 
Rs+GC 
Rr+Mi+Rs+GC 
Neem- lea f 
t r e a t e d (ML) 
Rr+NL 
Mi+NL 
Rs+NL 
Rr+Mi+Rs+NL 
F u n g u s - f i l t r a t e 
t r e a t e d (FF) 
Rr+FF 
Mi+FF 
Rs+FF 
Rr+Mi+Rs+FF 
E f f i c a c y of s e e 
a g a i n s t d i s e a s e 
L e n g t h "cm" 
Shoot Root T o t a l 
1 1 0 . 5 1 8 . 8 1 2 9 . 3 
9 0 , 3 1 4 . 9 105 .2 
7 6 . 7 1 2 . 5 8 9 . 2 
6 5 . 7 1 0 . 5 7 6 , 2 
2 9 . 5 4 . 4 3 3 . 9 
1 0 7 , 6 1 8 . 6 1 2 6 . 2 
9 9 . 1 1 7 . 2 1 1 6 . 3 
9 3 . 4 1 5 . 3 1 0 8 . 7 
7 1 . 2 1 1 . 6 8 2 . 8 
4 3 . 6 6 .9 5 0 . 5 
1 1 6 . 3 1 9 . 1 1 J 3 . 3 
9 9 . 9 1 6 . 5 1 1 6 . 4 
9 6 . 7 1 6 . 0 1 1 2 . 7 
1 0 4 . 6 1 7 . 2 1 2 1 . 8 
5 7 . 1 8 .9 6 6 . 0 
1 0 7 . 7 19 .1 1 2 6 . 8 
9 5 . 5 1 6 . 7 1 1 2 . 2 
8 5 . 8 15 .1 100 .9 
8 4 . 5 1 3 . 7 9 8 . 5 
4 3 . 9 6 . 7 5 0 . 6 
1 1 6 . 9 1 9 . 3 136 .2 
9 3 . 3 1 6 . 6 1 0 9 . 9 
7 9 . 2 1 4 . 0 9 3 . 2 
7 6 . 9 1 2 . 9 8 9 . 8 
3 6 . 8 5 . 5 4 2 . 3 
1 1 5 . 2 1 9 . 3 1 3 4 . 5 
9 3 . 6 1 5 . 5 109 .1 
7 6 . 9 1 3 . 6 9 0 . 5 
7 1 . 1 1 1 . 2 8 2 . 3 
3 4 . 8 5 , 2 4 0 . 0 
1 0 3 . 4 1 9 , 4 1 2 2 , 8 
9 7 , 3 1 7 . 0 1 1 4 . 3 
8 0 . 0 1 4 . 0 9 4 . 0 
7 6 . 9 1 2 . 3 8 9 , 2 
3 0 , 5 4 , 6 35 .1 
L . 3 . D . ( a t 5% l e v e l ) 8 .650 
L . S . D . ( a t 15< l e v e l ) 1 1 . 4 8 7 
•Rr « 
•Rs « 
d t r e a t m e n t 
developmen' 
F r e s 
Shoot 
2 1 . 6 
1 8 . 3 
1 5 . 4 
1 3 . 2 
6 , 5 
2 2 . 3 
1 9 , 1 
1 8 , 7 
1 4 . 3 
7 . 4 
2 2 . 4 
1 9 . 1 
1 9 . 8 
2 1 . 0 
1 0 . 5 
2 2 . 4 
1 9 . 4 
17 .1 
1 7 . 3 
7 . 2 
2 1 . 3 
1 7 . 8 
1 6 . 3 
1 5 , 7 
6 ,1 
2 2 , 1 
1 7 . 8 
1 5 . 4 
1 5 , 0 
5 , 5 
2 1 , 2 
1 8 , 4 
1 5 , 4 
1 4 . 0 
6 . 3 
R o t v l e n c h u l u s r e n i f o r a i 
R h i z o c t o n i a s o l a n ! 
w l t n p e s t i c i a e s , o i i - c a x e s , ne 
t , nematode m u l t i p l i c a t i o n and 
h w e i g h t "g 
Root 
1 0 . 4 
8 . 5 
7 . 0 
6 .1 
2 . 9 
1 0 . 2 
9 . 0 
8 . 8 
7 . 2 
3 , 4 
1 0 , 0 
8 , 9 
9 , 1 
9 . 9 
5 , 4 
1 0 , 2 ; 
8 . 9 
- 8 . 1 
7 , 9 
3 . 7 
1 0 . 7 
8 .9 
7 . 7 
7 . 9 
3 .1 
1 0 . 6 
8 , 4 
7 . 3 
7 . 5 
3 ,1 
1 0 , 3 
9 , 0 
7 . 2 
6 , 6 
3 , 0 
T o t a l 
3 2 . 0 
2 6 . 8 
2 2 . 4 
1 9 . 3 
9 . 4 
3 2 . 5 
28 .1 
2 7 . 5 
2 1 . 5 
1 0 . 8 
3 2 . 4 
2 8 . 0 
2 8 . 9 
3 0 . 9 
1 5 . 9 
1^2.6 
2 8 . 3 
2 5 , 2 
2 5 . 2 
1 0 . 9 
3 2 . 0 
2 6 , 7 
2 4 . 0 
2 3 . 6 
9 . 2 
3 2 . 0 
2 6 . 2 
2 2 . 7 
2 2 . 5 
8 . 6 
3 1 . 5 
2 7 . 4 
2 2 . 6 
2 0 . 6 
9 . 3 
3 .569 
4 . 7 1 3 
s , 'Ml -
N 
P l a n t ' s 
d r y 
w e i g h t 
" g " 
1 0 . 5 0 
7 . 9 5 
6 .80 
5 .72 
2 . 1 5 
1 0 . 3 8 
8 . 8 9 
8 .41 
6 . 3 7 
4 . 3 5 
1 1 . 2 4 
8 . 9 3 
8 . 3 9 
9 . 4 5 
5 . 7 5 
1 0 . 4 8 
8 . 7 9 
7 . 9 9 
7 . 8 0 
3 .82 
1 0 . 9 0 
8 . 2 5 
7 . 4 0 
7 . 2 0 
2 . 6 8 
10 .71 
8 . 3 6 
6 . 9 0 
6 . 4 7 
1.86 
1 0 , 7 6 
8 . 8 9 
7 . 4 8 
6 . 5 8 
2 . 0 0 
0 . 9 2 9 
1.234 
P e r c e n 
t a g e 
r e d u c 
t i o n ( - ) 
p r " « t i -
B u l a t i o c 
( + ) o v e r 
c o n t r o l 
_ 
- 2 4 . 2 8 
- 3 5 . 2 4 
- 4 5 . 5 2 
- 7 9 . 5 2 
- 1.14 
- 1 5 . 3 3 
- 1 9 . 9 0 
- 3 9 . 3 3 
- 5 8 . 5 7 
+ 7 . 0 4 
- 1 4 . 9 5 
- 2 0 . 0 9 
- 1 0 . 0 0 
- 4 5 . 2 4 
- 0 . 1 9 
- 1 6 . 2 9 
- 2 3 . 9 0 
- 2 5 . 7 1 
- 6 3 . 6 2 
+ 3 .81 
- 2 1 . 4 3 
- 2 9 . 5 2 
- 3 1 . 4 3 
- 7 4 . 4 5 
+ 2 . 0 0 
- 2 0 . 3 8 
- 3 4 . 2 9 
- 3 8 . 3 8 
- 8 2 . 2 9 
+ 2 . 4 8 
- 1 5 . 3 3 
- 2 8 . 7 6 
- 3 6 . 3 8 
- 8 0 . 9 5 
Pi R - p j 
( R r ) 
-
1 1 . 0 0 
-
-
5 .19 
_ 
6 . 2 2 
-
-
2 .91 
_ 
7 . 5 4 
-
-
3 . 7 7 
_ 
8 . 2 3 
-
-
3 .91 
_ 
1 0 . 0 9 
-
-
5 .21 
_ 
1 1 . 5 2 
-
-
4 . 9 7 
^ 
8 . 1 8 
-
-
4 . 6 7 
1 .083 
1.464 
Meloido^r/ne i n c o g n i t a 
em—xeai ana J.uii| 
p l a n t growth. 
(Mi) 
-
-
1 7 . 3 9 
-
9 . 5 4 
. 
-
7 . 7 5 
-
4 . 2 0 
. 
-
9 . 0 1 
-
6 . 8 2 
_ 
-
1 1 . 4 7 
-
7 . 2 5 
_ 
-
1 6 . 0 6 
-
8 . 9 9 
. 
-
1 7 . 7 7 
-
9 . 0 9 
. 
-
1 5 . 5 4 
-
8 . 5 3 
2 . 1 7 3 
2 . 9 3 7 
R o o t -
k n o t 
i n d e x 
-
-
3 .96 
-
2 . 4 4 
« 
-
1 .68 
-
1 .76 
„ 
-
2 . 4 8 
-
1 .68 
_ 
-
2 . 6 8 
-
2 . 0 0 
_ 
-
3 . 7 6 
-
2 . 2 0 
* 
-
4 . 2 4 
-
2 . 6 4 
-
3 .44 
-
2 . 1 2 
0 . 5 7 5 
0 . 7 7 8 
gUi> XJLXUX 
Number 
o f n o -
d u l e s 
/ r o o t 
sys tem 
113 
91 
71 
57 
17 
106 
102 
95 
74 
39 
110 
105 
84 
9 3 
52 
120 
87 
81 
77 
33 
104 
83 
76 
73 
23 
122 
84 
64 
63 
2* 
104 
103 
73 
78 
18 
9 . 4 4 9 
1 2 . 5 4 9 
d Ltf 
P e r c e n -
t a g e 
r e d u c 
t i o n ( - ) 
o r s t i -
m u l a t l o r 
(+ ) over 
c o n t r o l 
-
- 1 9 . 4 6 
- 3 7 . 1 7 
- 4 9 . 5 6 
- 8 4 . 9 5 
- 6 . 1 9 
- 9 . 7 3 
- 1 5 . 9 3 
- 3 4 . 5 1 
- 6 5 . 4 9 
- 2 . 6 5 
- 7 . 0 8 
- 2 5 . 6 6 
- 1 7 . 6 9 
- 5 3 . 9 8 
+ 6 . 1 9 
- 2 3 . 0 0 
- 2 8 . 3 2 
- 3 1 . 8 6 
- 7 0 . 7 9 
- 7 . 9 5 
- 2 6 . 5 5 
- 3 2 . 7 4 
- 3 5 . 4 0 
- 7 9 . 5 5 
+ 7 . 9 5 
- 2 5 . 6 6 
- A 3 . 3 6 
- 4 4 . 2 5 
- 7 8 . 7 6 
- 7 . 9 6 
- 8 . 8 5 
- 3 5 . 3 9 
- 3 0 . 9 7 
- 8 4 . 0 7 
